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(54) CALCIUM RECEPTOR ANTAGONISTS

(57) A compound of the formula [I]

. 2 -
j\ R><R |
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R 0" X ~x 3NN [1]
3 ¢ H
R R

wherein R is optionally substituted aryl group or optionally substituted heteroaryl group; R2 is optionally substituted
C4.¢ alkyl group, C5 7 cycloalkyl group and the like; R3 is hydrogen atom, C4_g alkyl group, hydroxyl group and the like;
R4 is hydrogen atom, C4_ alkyl group and the like; R5 and R® are each C,_g alkyl group and the like; R is optionally
substituted aryl group or optionally substituted heteroaryl group; X', X2 and X3 are each C,_g alkylene group and the
like; and X4 and X5 are each a single bond, methylene group and the like, a salt thereof, a solvate thereof or a prodrug
thereof, and a pharmaceutical composition containing the compound, particularly a calcium receptor antagonist and a
therapeutic agent for osteoporosis, are provided. The compound of the present invention is useful as a therapeutic
drug of diseases accompanied by abnormal calcium homeostasis, or osteoporosis, hypoparathyreosis, osteosarcoma,
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periodontal disease, bone fracture, steoarthrosis, chronic rheumatoid arthritis, Paget's disease, humoral hypercal-
cemia, autosomal dominant hypocalcemia and the like.
In addition, an intermediate for the compound is provided.
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Description
Technical Field

[0001] The present invention relates to a compound having a calcium-sensing receptor (CaSR, hereinafter to be
simply referred to as a calcium receptor) antagonistic action, a pharmaceutical composition containing the compound,
particularly a calcium receptor antagonist and a therapeutic agent of osteoporosis, and to an intermediate compound
useful for synthesizing the compound.

Background Art

[0002] Calcium receptors sense extracellular Ca2* concentration and increase intracellular Ca2*, thereby suppress-
ing the production of parathyroid hormone (PTH) involved in the control of Ca?* metabolism and bone metabolism.
[0003] The serum calcium concentration of healthy mammal is strictly maintained at about 9-10 mg/100 ml (ca. 2.5
mM), which is referred to as calcium homeostasis of living organisms. When this value falls to not more than 50%,
tetania occurs, and when it increases by 50%, consciousness is clouded, both cases threatening the lives. For main-
taining calcium homeostasis, duodenum acts as a Ca2* uptake organ, bone acts as a Ca2* storage organ, and kidney
acts as a Ca2* excretory organ. These Ca2* kinetics are controlled by various hormones generally referred to as
"calcium controlling hormone". Representative hormone includes active vitamin D [1,, 25(0OH),D], PTH, calcitonin,
Parathyroid Hormone-Related Protein (PTH-related Protein (PTHrP)) and the like.

[0004] Bone plays an important role not only as a supporting framework and motor organ of the body, but also as a
storage organ of Ca2*, which is its constituent component. To fulfill such functions, bone tissues repeat formation
thereof (osteogenesis) and absorption thereof (bone resorption) throughout the entire life. For osteogenesis, osteoblast
derived from mesenchymal cell plays a major role, and for bone resorption, osteoclast derived from hematopoietic cell
plays a major role. Osteogenesis is a mechanism including osteoid formation by bone organic matrix (bone matrix
proteins such as type | collagen and the like) produced by osteoblast present on the osteogenesis surface, and sub-
sequent calcification. Bone resorption is a mechanism including adhesion of osteoclast to the bone surface, intracellular
absorption of Ca2* via acid secretion and ion transport, and excretion of absorbed Ca2* to the bone marrow side,
thereby releasing Ca2* into blood. The deficient part of the bone absorbed by osteoclast is repaired by osteogenesis
by osteoblast. This series of phenomena are called remodeling of bone, and by the remodeling, old bones are replaced
by new bones, thus maintaining the strength of the entire bone while maintaining calcium homeostasis.

[0005] PTH is a hormone that plays a key role in maintaining the calcium homeostasis. When blood CaZ* concen-
tration decreases, secretion of PTH from the parathyroid gland is promoted immediately, which, in the bone, acts on
osteoblast (activation of osteoclast by osteoblast, production of bone organic matrix decomposition enzyme and the
like) to promote osteoclastic bone resorption, whereby Ca2* is transferred from the bone into the blood. In kidney, PTH
promotes resorption of Ca2* in the distal convulted tubule, and activates 25(OH) vitamin D5 in the proximal tubule,
thereby promoting the production of active vitamin D3 [1,, 25(OH),D3] having a function of promoting resorption of
CaZ2* from the intestine. It also suppresses resorption of phosphorus. As mentioned above, PTH directly or indirectly
increases blood Ca2* concentration.

[0006] When blood Ca2* concentration increases, calcium receptor senses it, immediately suppresses secretion of
PTH from the parathyroid gland to decrease the amount of Ca2* to be supplied into the blood [Brown, E.M., Homeostatic
mechanisms regulating extracellular and intracellular calcium metabolism, in the parathyroids, p.19, (1994), Raven
press, New York]. Secretion of PTH is also suppressed by active vitamin D [1,, 25(0OH),D5].

[0007] Because PTH is a hormone assuming an important role in controlling Ca2* metabolism and bone metabolism,
attempts have been made to apply PTH to the treatment of osteoporosis In 1982, Tam et al. found that sustained
administration of bovine PTH (1-84) to thyroid/parathyroid gland enucleated rat results in promotion of both osteogen-
esis and bone resorption of femoral cancellous bone, leading to a decrease in net bone mass, but subcutaneous
intermittent administration thereof does not result in promotion of bone resorption but in promotion of osteogenesis
alone, leading to an increase in the bone mass [Endocrinology, 110, 506-512 (1982)]. Furthermore, Uzawa et al. com-
pared the actions of sustained administration and intermittent administration of PTH with regard to epiphysial long
bone and metaphysial cancellous bone of young rat. As a result, they clarified that sustained administration of PTH
results in remarkable increase in bone mass in metaphysial cancellous bone highly susceptible to the effect of enchon-
dral ossification, though associated with abnormal findings such as hyperplasia of epiphysial plate cartilage, fibrous
ostitis and the like, and in marked promotion of bone resorption and decrease in bone mass accompanied by rarefaction
of cortical bone, in epiphysial cancellous bone where the effect is small [Bone, 16, 477-484 (1995)]. In addition, it has
been reported that intermittent administration of PTH results in significant increases in bone mass and bone trabecula
in both epiphysial and metaphysial cancellous bones without increase in osteoclast or decrease of cortical bone.
[0008] Moreover, Scutt et al. have reported that, in chicken calvaria derived osteoblast, a short time (10-20 min)
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treatment with PTH promotes cell growth as compared to a long time (18 hr) treatment [Calcif. Tissue Int., 55, 208-215
(1994)]. This suggests that some of the actions of PTH on osteoblast are temporary and that expression of the action
by the treatment for an extremely short time may be related to the fact that sustained administration and intermittent
administration of PTH in vivo show different actions on bone tissues.

[0009] Ishizuya et al. further clarified through investigation of the action of PTH on differentiation of osteoblast using
an in vitro experiment system that the action of PTH varies depending on the treatment time. They have reported that
sustained action of PTH on osteoblast derived from rat calvaria resulted in strong inhibition of differentiation of oste-
oblast and nearly complete inhibition of osteogenesis in vitro, but repeated PTH action for the first 6 hr of 48 hr as one
cycle resulted in significant promotion of differentiation of osteoblast and promotion of osteogenesis in vitro.

[0010] PTH is considered to not only prevent decrease in bone mass of osteoporosis model, but also has a bone
mass recovery effect even on an animal already suffering from marked decrease in bone mass. Wronski et al. inter-
mittently administered human PTH (1-34) to 90-day-old SD rat at 4 weeks post-ovariectomy and showing an obvious
decrease in cancellous bone, for 15 weeks from 4 weeks post-ovariectomy. As a result, promotion of osteogenesis
and inhibition of bone resorption were observed during the period of from week 5 to week 10 after the start of the
administration, showing increased bone mass of about twice the bone mass of sham operation group [Endocrinology,
132, 823-831 (1993)]. They have also reported that, in this experiment, estrogen and bisphosphonate prevented de-
crease in bone mass caused by ovariectomy but did not show increase in bone mass, unlike PTH. They detailedly
analyzed the cortical bone of this experiment system and found images showing promoted osteogenesis and bone
mass increase on the periost side and endosteum side by intermittent administration of human PTH (1-34), based on
which they have clarified that the increase in cancellous bone due to PTH did not accompany decrease in cortical bone
[Bone, 15, 51-58 (1994)].

[0011] Furthermore, Mosekilde et al. have reported that intermittent administration of human PTH (1-34) or human
PTH (1-84) causes not only an increase in bone mass but also a dose-dependent increase in compression strength
and bending strength, which are indices of bone substance, of cancellous bone [Endocrinology, 129, 421-428 (1991)]
and cortical bone [J. Bone Miner. Res., 8, 1097-1101 (1993)] of rat vertebral bone. As discussed above, since PTH
shows an obvious bone mass increasing action in experimental animals, various investigations are ongoing as regards
the restrictive conditions expected in actual clinical applications. Mizoguchi studied whether or not a pharmacological
effect is observed by intermittent administration of PTH, even when PTH in blood, which is considered to be one of
the factors responsible for osteoporosis, has significantly increased, and concluded that the bone mass increased as
usual [Journal of Japanese Society of Bone Morphometry, vol. 5, pp. 33 - 39 (1995)]. Takao et al. have studied the
frequency of PTH administration and reported that administration of once a week for 12 weeks to healthy rat scarcely
promoted bone absorption but dose-dependently increased the bone mass [Japanese Journal of Bone Metabolism,
vol. 12 (Suppl.), p. S343 (1994)], suggesting possible effectiveness of clinically useful low frequency administration.
The foregoing achievements suggest the possibility of PTH for making a potent and promising therapeutic drug for the
treatment of postmenopausal osteoporosis or postovariectomy osteoporosis, which increases bone mass and decreas-
es bone fracture rate.

[0012] These results clearly indicate that intermittent administration of PTH would enable treatment of osteoporosis.
On the other hand, PTH problematically requires injection as an administration route, which is painful for many patients.
However, an orally administrable pharmaceutical agent that can intermittently increase PTH concentration in blood is
greatly expected to become a therapeutic drug of osteoporosis, which is based on a new action mechanism different
from that of the above-mentioned PTH and conventional calcitonin.

[0013] Calcium receptor is a G protein coupled receptor, which is cloned as a molecule essential for controlling PTH
secretion, and which penetrates cell membrane 7 times. Human calcium receptor consists of 1078 amino acids, and
shows 93% amino acid homology with bovine calcium receptor. Human calcium receptor consists of a large N terminal
extracellular region consisting of 612 amino acids, a cell membrane penetration region consisting of 250 amino acids
and a C terminal intracellular region consisting of 216 amino acids.

[0014] Expression of calcium receptor has been found in parathyroid gland, kidney, thyroid C cell, brain and the like,
as well as in bone (bone marrow cells).

[0015] When calcium receptor is bound with a ligand such as Ca2* and the like, it activates phospholipase C in
conjugation with G protein, causes production of inositol triphosphate and increase in intracellular Ca2* concentration,
and as a result, suppresses secretion of PTH [Nature, 366, 575-580 (1993)].

[0016] As mentioned above, a pharmaceutical agent that inhibits activation of calcium receptor, or a pharmaceutical
agent that antagonizes calcium receptor, removes suppression of PTH secretion in parathyroid gland cells, and pro-
motes secretion of PTH. If the antagonistic action can increase blood PTH concentration discontinuously and intermit-
tently, its antagonist is expected to show the same effect as provided by intermittent administration of PTH, and a
pharmaceutical agent extremely effective for the treatment of osteoporosis is considered to be provided.

[0017] As a CaSR antagonist, international publication WO99/51569 describes a compound of the following formula
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wherein

Y, isacovalentbond, alkylene or alkenylene of up to 4 carbon atoms, unsubstituted or substituted by C4_4 alkyl, or 0;
Y, is methylene, unsubstituted or substituted by C,_, alkyl or haloalkyl;

Y, is a covalent bond or O, S, N-RV or C,_4 alkylene-O, C,_4 alkylene-S, C,_4 alkylene-N-RY;

Rs and R, are, independently, methyl or ethyl, or, together, form cyclopropyl;

R is aryl or fused aryl, dihydro or tetrahydro fused aryl, unsubstituted or substituted with any substituents being
selected from the group consisting of OH, halogen, C,_, alkyl, C4_4 alkoxy, C4_¢ cycloalkyl, OSO,RV, CN, NO,,
OCFj3, CF5, CH,CF3, (CH,),,CO,RY, and O-(CH,),CO,RY, wherein n is an integer from 0 to 3 and R is selected
from the group consisting of H, C;_4 alkyl, and C5_g cycloalkyl;

or Ry is heteroaryl or fused heteroaryl; wherein the hetero-ring contains N, O or S, and is aromatic, dihydro or
tetrahydro, unsubstituted or substituted with any substituents being selected from the group consisting of OH,
OCHjg, CH(CH3),, halogen, C4_4 alkyl, C4_4 alkoxy, C5 4 cycloalkyl, OSO,RY, CN, NO,, OCF5, CF3, CH,CFj,
(CH,),CO,H, (CH,),CO,RY, and O- (CH,),,CO,R; G is a covalent bond, CHRg or C-Rg, wherein Rg is H, OH or
O (forming a ketone) ;

R is H, OH, or O-C,_4 alkyl;

Rgis H or C4_4 alkyl; or R; and Rg together form a ketone;

A and B are, independently, selected from the group consisting of a bond, CH,, NH, O, S and C=0, provided that
A or B is selected from CH, and NH; or A and B together form a bond; or the A-B moiety is represented by CH=CH
or C=C;

wherein

X4 and Xg are independently selected from the group consisting of H, halogen, CN, NO,, C,_4 alkyl, cycloalkyl,
CH,-aryl, and CH,-heteroaryl; provided that either X; or X5 is H;

X5, X3 and X, are selected from the group consisting of H, halogen, O-C,_4 alkyl, O-aryl, O-heteroaryl, CH,-aryl,
CH,- heteroaryl, alkyl, C(O)aryl, C(O)heteroaryl CH(OH)aryl, CH(OH)heteroaryl and J-K;

J is a covalent bond, alkylene, O-alkylene or alkenylene of up to 5 carbon atoms, unsubstituted or substituted by
a substituent selected from the group consisting of C4_4 alkyl, OH, O(forming a ketone), aryl, heteroaryl, and NR'R",
wherein R' and R" are independently selected from the group consisting of H, alkyl, aryl, heteroaryl, C(O)alkyl, C
(O)aryl, and C(O)heteroaryl;

K is selected from the group consisting of CO,R!V, OH, and CN; and pharmaceutically acceptable salts and com-
plexes thereof.

[0018] Particularly, a compound of the formula wherein Y5 is C4_4 alkylene-O

C,_,a2lkylene-

R3 R‘1 o
O/YIXYZ\NXG/A\é/Rs
R B

R?\B
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is suggested, though not directly described. In this case, however, "C,_4 alkylene" means a straight chain, and the
branched chain such as in the present invention is not described or suggested.

[0019] In addition, international publication W0O99/51241 describes, as a CaSR antagonist, a compound of the fol-
lowing formula

R, R,
YZ \NXG/A\B/Rs

| Y7<

S0
2 rl R "
X

7

wherein

Y, is acovalentbond, alkylene or alkenylene of up to 4 carbon atoms, unsubstituted or substituted by C,_, alkyl or O;
Y, is methylene, unsubstituted or substituted by C,_, alkyl or haloalkyl;

Y3 is covalent bond or selected from the group consisting of O, S, N-RV, C44 alkylene-O, C,_4 alkylene-S, and
C1.4 alkylene-N-RV;

RV is selected from the group consisting of H, C;_4 alkyl, and C5_g cycloalkyl;

Rs and R, are, independently, methyl or ethyl, or, together, form cyclopropyl;

Rs5 is heteroaryl or fused heteroaryl; wherein the hetero-ring contains N, O or S, and is aromatic, dihydro or tet-
rahydro, unsubstituted or substituted with any substituents being selected from the group consisting of OH, OCHs,
CH(CH3),, halogen, C4_4 alkyl, C4_4 alkoxy, C4_g cycloalkyl, OSO,RV, CN, NO,, OCF3, CF5, CH,CFj, (CH,),CO,H,
(CH,),CO,RY, and O-(CH,),,CO,RY; n is an integer of from 0 to 3;

G is a covalent bond, CHRg or C-Rg, wherein Rg is H, OH or O (forming a ketone) ;

R;is H, OH, or O-C,_4 alkyl;

Rgis H or C4_4 alkyl; or R; and Rg together form a ketone;

A and B are, independently, selected from the group consisting of a bond, CH,, NH, O, S and C=0, provided that
either A or B is selected from CH, and NH; or A and B together form a bond; or A-B moiety is represented by
CH=CH or C=C;

X is selected from sub formulas (la) to (le) hereinbelow:




&)

10

15

20

25

30

35

40

45

50

55

EP 1 308 436 A1

x4 n II.
R1 (1d) (Ie)

wherein

W is selected from the group consisting of Ry, SO,R4, C(O)R, SO,NR,R,', C(O)NR4R', C(O)OR,, and SO3R/,
wherein Ry and R4 are independently selected from the group consisting of hydrogen, C,_4 alkyl, C5 ¢ cycloalkyl,
C,_5 alkenyl, C,_g alkynyl, heterocycloalkyl, aryl and aryl C,_4 alkyl; or Ry and R4' together form a 3 to 7 membered
optionally substituted heterocyclic ring; wherein any substituents are selected from the group consisting of CN,
aryl, CO,R, CO,NHR, OH, OR, NH,, halo, CF3, OCF5 and NO,; wherein R represents C_4 alkyl, or C5_g cycloalkyl;
X, is selected from the group consisting of CN, NO,, CI, F, Br, I, H, R', OR', CF3, OCF3 and OSO,R', wherein R'
represents C4_4 alkyl, or C3 ¢4 cycloalkyl;

X5, X3 and X, are, independently, selected'from the group consisting of CN, NO,, CI, F, Br, I, H, R", OR", CF,
OCF5 and OSO,R", provided that either X, or X5 is H, wherein R" is C4_4 alkyl or haloalkyl; or X; and X, together
form an aryl or heteroaryl ring, substituted or unsubstituted; wherein the heteroatom is selected from N, S, and O;
and any substituents are selected from the group consisting of halo, C,_4 alkyl, OCF;, CF3;, OMe, CN, OSO,R'
and NO,; or X5 and X, independently represent C(O)R4; and

R, is selected from the group consisting of hydrogen, C,_4 alkyl, C5 g cycloalkyl, C,_s alkenyl, C,_5 alkynyl, hete-
rocycloalkyl, aryl and aryl-C,_, alkyl;

X4" is selected from the group consisting of CN, NO,, CI, F, Br, |, H, R, OR, CF3, OCF5; and OSO,R, wherein R
represents C4_4 alkyl, or C5 ¢ cycloalkyl;

X5", X3" and X," are, independently, selected from the group consisting of CN, NO,, CI, F, Br, I, H, R', OR’, CF3,
OCF3 and OSO,R', provided that either X;" or X3" is H, wherein R"is C4_4 alkyl or haloalkyl; or X" and X," together
form an aryl or heteroaryl ring, substituted or unsubstituted; wherein the heteroatom is selected from N, S and O
and any substituents are selected from the group consisting of halo, C,_4 alkyl, OCF3, CF3, OMe, CN, OSO,-C_4
alkyl, 0SO,-C3 g cycloalkyl and NO,;

or X3" and X," independently represent C(O)R,; and

R4"and R," are, independently, selected from the group consisting of hydrogen, C,_4 alkyl, C5 4 cycloalkyl, C,_5
alkenyl, C,_s alkynyl, heterocycloalkyl and aryl; or R{" and R," together form a 3 to 7 membered optionally substi-
tuted heterocyclic ring; wherein any substituents are selected from the group consisting of CN, aryl, CO,R",
CO,NHR", OH, OR", NH,, halo, CF3, OCF3 and NO,;

wherein R" represents C4_4 alkyl, or C5 ¢ cycloalkyl; X;" is selected from the group consisting of CN, NO,, ClI, F,
Br, I, H, R, OR, CF3, OCF5; and OSO,R, wherein R represents C,_4 alkyl, or C4_g cycloalkyl;

X5", X3™ and X," are, independently, selected from the group consisting of CN, NO,, CI, F, Br, |, H, R, OR’, CF3,
OCF3 and OSO,R', provided that either X;™ or X3" is H, wherein R"is C,_4 alkyl or haloalkyl;

or X4" and X,™ together form an aryl or heteroaryl ring, substituted or unsubstituted; wherein the heteroatom is
selected from N, S and O and the substituents are selected from the group consisting of halo, C,_4 alkyl, OCF,
CF3, OMe, CN, OS0O,-C,_4 alkyl, OSO,-C4 ¢ cycloalkyl and NO,;

or X3" and X" independently represent C(O)Ry;

R4™ and R,™ are, independently, selected from the group consisting of hydrogen, C4_4 alkyl, C5_¢g cycloalkyl, C,_5
alkenyl, C,_g alkynyl, heterocycloalkyl and aryl; or R4" and R," together form a 3 to 7 membered optionally sub-
stituted heterocyclic ring; wherein any substituents are selected from the group consisting of CN, aryl, CO,R",
CO,NHR", OH, OR", NH,, halo, CF5, OCF3 and NO2; wherein R" represents C,_4 alkyl, or C5_g cycloalkyl;

D is selected from the group consisting of H, CN, NO,, CI, F, Br, I, R, OR, SR, CF3, OCF3; and OSO,R, wherein
R represents C,_4 alkyl, C5 g cycloalkyl, or C4_4q aryl or heteroaryl wherein the heteroatom is selected from N, S
and O and substituents are selected from the group consisting of halo, C_4 alkyl, OCF3, CF3, OMe, CN, OSO,-C, 4
alkyl, OSO,-C4 g cycloalkyl and NO,; n is the integer of 1 or 2;

each E is independently C or N, provided that less than two E moieties is N; further provided that when n is 2,
each E is C; a and b are optionally present bonds;

R4V is selected from the group consisting of (CR,),CO,R’, (CH,),CO,H, (CH,),CONR',, (CH,),CH,OR', OR',
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SR', CN, NO,, CI, F, BR, |, H, CF3, OCF3, OSO,R’, R" and H; wherein R'is C4_4 alkyl, or C5_g cycloalkyl;

or RyVis O, forming a ketone such that YR4!V represents -C=0; R,V is selected from the group consisting of
hydrogen, CN, NO,, CI, F, Br, I, H, R", OR", CF;, OCF5, and OSO,R"; wherein R" represents C,_4 alkyl, or C5 ¢
cycloalkyl.

Y is selected from the group consisting of C, CH, O, N and S; provided that when Y is S, R1'V is O or not present;
further provided that when Y is O, R,V is not present;

X'"is CHy, NH, O and S.

Rg is O-alkyl, O-CH,-aryl, and O-aryl;

X" is selected from the group consisting of CN, NO,, CI, F, Br, I, H, R, OR, CF;, OCF5 and OSO,R, wherein R
represents C4_4 alkyl, or C5 ¢ cycloalkyl;

X", X3™', and X,"" are, independently, selected from the group consisting of CN, NO,, CI, F, Br, |, H, R, OR’, CF,
OCF3 and OSO,R', provided that either X™; or X" is H, wherein R' is C,_4 alkyl or haloalkyl;

or X4"" and X," together form an aryl or heteroaryl ring, substituted or unsubstituted; wherein the heteroatom is
selected from N, S and O and the substituents are selected from the group consisting of halo, C,_4 alkyl, OCF,
CF3, OMe, CN, 0S0,-C,_4 alkyl, 0SO,-C4 g cycloalkyl and NO,;

or X3 and X,"™ independently represent C(O)R;: and pharmaceutically acceptable salts and complex thereof.

[0020] Again, a compound of the formula wherein Y3 is C,_4 alkylene-O

Z\N ‘ G/ \B 5
H .

LY
X-Cl_qalkylene-—o/ 17(
- . R/ R

7

is suggested, though not directly described. In this case, however, "C,_4 alkylene" means a straight chain, and the
branched chain such as in the present invention is not described or suggested.

[0021] International publication WO98/45255 (EP-A-973730) also describes a compound of the following formula as
a CaSR antagonist

| R, o
z N G .
x” \Yl/{\yz/ X Sa—B—R,
~ R
¢ R3 RE A

wherein

Y, is a covalent bond, alkylene or alkenylene of up to 4 carbon atoms, unsubstituted or substituted by C,_4 alkyl;
Y, is methylene, unsubstituted or substituted by C,_4 alkyl or CFj;

Z is selected from the group consisting of a covalent bond, O, S, NH, N-C,_4 alkyl, O(CH,),,, (CH,),,O, NR"C=0
and C=ONR"™, where R" is C;_4 alkyl and n is an integer from 1 to 3,

Rs and R, are, independently, methyl or ethyl, or, together, form cyclopropyl;

Rs5 is phenyl or naphthyl, unsubstituted or substituted with one or more substituents selected from the group con-
sisting of OH, C4_4 alkyl CH(CH3),, halo, halo C_4 alkyl, C4_4 alkoxy, C5 g cycloalkyl, OSO,RV, CN, NO,, OCFs,
CF3 and CH,CF5, wherein RV represents C4_4 alkyl or C4_¢ cycloalkyl;

G is a covalent bond or C-Rg wherein Rg is H, OH or O (forming a carbonyl moiety);

R is H, OH, or O-C,_4 alkyl;

Rg is H or C4_4 alkyl; or R; and Rg together form a carbonyl moiety;

the A-B moiety is represented by CH,CH,, a covalent bond, -CH=CH- or -C=C-; and

X is selected from the group consisting of sub formulae (la), (Ib), (Ic), (Id) and (le) hereinbelow:
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Xl Xl "
XZ Xz "
0
RZ——N X3

l X X "

W .

‘ II/N\ [1] !
Rz R,
la '

(1a) (Ib)

X1 nn
~E
E”
(Dyn+ |
E§ X3" "
Y ,
a‘. qu»n "
1v .
R, (1d) : (Ie)

in sub formula (la):

W is selected from the group consisting of Ry, SO,R4, C(O)Ry,

SO,NR Ry, C(O)NR4R{"and C(O)OR,SO3R/', wherein R, and R," are independently selected from the group
consisting of hydrogen,

C,.4 alkyl, C4 4 cycloalkyl, C,_5 alkenyl, C,_5 alkynyl, heterocycloalkyl aryl and aryl C,_4 alkyl; or Ry and Ry’
together form a 3- to 7-membered optionally substituted heterocyclic ring; wherein any substituents are se-
lected from the group consisting of CN, aryl, CO,R, CO,NHR, OH, OR, NH,, halo, CF3, OCF3 and NO,;
wherein R represents C4_4 alkyl, or C5_g cycloalkyl;

X is selected from the group consisting of CN, NO,, CI, F, Br, |, H, R', OR', CF3, OCF3 and OSO,R’, wherein
R' represents C4_4 alkyl, or C5_g cycloalkyl;

X5, X3 and X, are, independently, selected from the group consisting of CN, NO,, CI, F, Br, I, H, R", OR", CFj3,
OCF3 and OSO,R", wherein R" is C,_4 alkyl or haloalkyl; or X4 and X, together form an aryl or heteroaryl ring,
substituted or unsubstituted; wherein the heteroatom is selected from N, S and

O; and any substituents are selected from the group consisting of halo, C,_4 alkyl, OCF;, CF;, OMe, CN,
OSO,R' and NO,; or X5 and X, independently represent C(O)Ry; provided that when there are multiple halo
substitutions in the haloalkyl, halo represents F; also provide that either X; or X5 is hydrogen; and

R, is selected from the group consisting of hydrogen, C,_4 alkyl, C5_g cycloalkyl, C,_5 alkenyl, C,_g alkynyl,
heterocycloalkyl aryl and aryl-C,_4 alkyl;

in sub formula (Ib):

X4" is selected from the group consisting of CN, NO,, CI, F,

Br, I, H, R, OR, CF3, OCF5; and OSO,R, wherein R represents C,_4 alkyl, or C4_g cycloalkyl;

X5", X3" and X," are, independently, selected from the group consisting of CN, NO,, CI, F, Br, I, H, R', OR,
CF3, OCF3 and

OSO,R', wherein R' is C4_4 alkyl or haloalkyl; provided that when there are multiple halo substitutions in the
haloalkyl, halo represents F, or X" and X," together form an aryl or heteroaryl ring, substituted or unsubstituted,
wherein the heteroatom is selected form N, S and O and any substituents are selected from the group con-
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sisting of halo, C4_4 alkyl, OCFj,

CF3, OMe, CN, OS0O,-C4_4 alkyl, OSO,-C4 ¢ cycloalkyl and NO,; or X3" and X," independently represent C
(O)Ry;

provided that either X4" or X3" is hydrogen; and

R;" and R," are, independently, selected from the group consisting of hydrogen, C,_4 alkyl, C5_¢ cycloalkyl,
C,.5 alkenyl, C,_g alkynyl, heterocycloalkyl and aryl; or R{" and R," together form a 3 to 7 membered optionally
substituted heterocyclic ring; optionally containing an additional heteroatom selected from O, S and N; wherein
any substituents are selected from the group consisting of CN, aryl, CO,R", CO,NHR", OH, OR", NH,, halo,
CF3, OCF3 and NO,; wherein R" represents C,_4 alkyl, or C5_g cycloalkyl;

in sub formula (Ic):

X4™ is selected from the group consisting of CN, NO,, CI, F, Br, I, H, R, OR, CF3, OCF3 and OSO,R, wherein
R represents C,_4 alkyl, or C5 g cycloalkyl;

X", X3" and X," are, independently, selected from the group consisting of CN, NO,, CI, F, Br, |, H, R', OR’,
CF5, OCF3 and

OSO,R', wherein R' is C4_4 alkyl or haloalkyl; provided that when there are multiple halo substitutions in the
haloalkyl, halo represents F; or X;" and X," together form an aryl or heteroaryl ring, substituted or unsubsti-
tuted; wherein the heteroatom is selected from N, S and O and the substituents are selected from the group
consisting of halo, C4_4 alkyl, OCF3;, CF3, OMe, CN, OSO,-C,_4 alkyl, OSO,-C5_g cycloalkyl and NO,; or X3™
and X," independently represent C(O)Ry;

provided that either X" or X;" represents H; and

R;" and R," are, independently, selected from the group consisting of hydrogen, C,_4 alkyl, C5_g cycloalkyl,
C,.5 alkenyl,

C,_5 alkynyl, heterocycloalkyl and aryl; or R;" and R,™ together form a 3 to 7 membered optionally substituted
heterocyclic ring optionally containing an additional heteroatom selected from O, S and N; wherein the sub-
stituents are selected from the group consisting of CN, aryl, CO,R",

CO,NHR", OH, OR", NH,, halo, CF5, OCF3 and NO,; wherein R" represents C,_4 alkyl, or C5 4 cycloalkyl;

in sub formula (Id):

D is selected from the group consisting of CN, NO,, Cl, F, Br,

I,R,0OR, SR, CF5, OCF3and OSO,R, wherein Rrepresents C,_, alkyl, C5_g cycloalkyl, or C4_q aryl or heteroaryl
wherein the heteroatom is selected from N, S and O and substituents are selected from the group consisting
of halo, C,_4 alkyl, OCF3, CF3, OMe, CN, 0SO,-C,_4 alkyl, 0SO,-C4 4 cycloalkyl and NO,;

n is the integer of 1 or 2;

each E is independently C or N, provided that no more than two E moieties are N;

further provided that when n is 2, each E is C;

a and b are optionally present bond;

R,Vis selected from the group consisting of (CH,),CO,R', (CH,),CO,H, (CH,),CONR',, (CH,),,CH,OR', OR',
SR’, CN, NO2, CI, F, Br, I, CF3, OCF5, OSO,R’, R" and H; wherein R"is C4_4 alkyl, or C5_4 cycloalkyl;

or RyVis O, forming a ketone such that YR,V represents -C=0;

R,V is selected from the group consisting of hydrogen, CN, NO,,

Cl, F, Br, I, H, R", OR", CF3, OCF3, and OSO,R"; wherein R" represents C,_4 alkyl, or C5 g cycloalkyl.

Y is selected from C, CH, O, N and S; provided that when Y is S, R4V is O; further provided that when Y is O,
R4V is not present;

X'is CHy, NH, O and S; and

attachment is at the carbon atom marked 3;

in sub formula (le) :

X4 is selected from the group consisting of CN, NO,, CI, F, Br, I, H, R', OR', CF3, OCF5 and OSO,R’, wherein
R' represents

C1.4 alkyl, or C5 g cycloalkyl;

X", X3™ and X,"" are, independently, selected from the group consisting of CN, NO,, CI, F, Br, I, H, R", OR",
CF3, OCF3 and

OSO,R", wherein R" is C4_4 alkyl or haloalkyl; or X;"" and X,"" together form an aryl or heteroaryl ring, sub-
stituted or unsubstituted; wherein the heteroatom is selected from N, S and
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O; and any substituents are selected from the group consisting of halo, C,_4 alkyl, OCF;, CF;, OMe, CN,
OSO,R'" and NO,; or X3™ and X,"" independently represent C(O)Ry;

provided that when there are multiple halo substitutions in the haloalkyl, halo represents F; also provided that
either X;™" or X5"" is hydrogen;

and Rg is O-CH,-alkyl, O-CH,-aryl and O-aryl.

[0022] In addition, Japanese Patent Application under PCT laid-open under kohyo No. 2001-501584 (WO97/37967,
EP-A-901459, US Patent No. 6022894) also describes a compound of the following formula as a CaSR antagonist.

R R, R
R Y. 15y )4
™~ -1 2\ /Rs
z N Y]
H
| R,

wherein

R, is selected from the group consisting of aryl, longer-length alk, and cycloalk;

R, is selected from the group consisting of lower alk, cycloalk, alkoxy, H, OH, =O, C(O)OH, C(O)O-lower alk, C
(O)NH- lower alk, C(O)N(lower alk),, SH, S-lower alk, NH,, NH-lower alk, and N(lower alk),;

R3 and R, is each independently lower alk or together cyclopropyl;

Rg is either an optionally substituted naphthyl having 1 - 4 substituents independently selected from the group
consisting of methyl, ethyl, isopropyl, methoxy, Cl, F, Br, and lower haloalkoxy, or a substituted phenyl having 1 -
4 substituents with at least one substituent in a meta or para position selected from the group consisting of lower
alkyl, methoxy, Cl, F, Br, and lower haloalkoxy, provided that said substituted phenyl may also have 2 or 3 additional
substituents;

Rg if present is either hydrogen, lower alkyl or lower alkenyl, wherein Ry is not present if R, is =0O;

Y, is either a covalent bond, alkylene or alkenylene;

Y, is alkylene;

Y is alkylene; and

Z is selected from the group consisting of a covalent bond, O, S, NH, N-lower alk, alkylene, alkenylene, and alky-
nylene, provided that if Zis O, S, NH, or N-lower alk, then Y is not a covalent bond; further provided that Y, and
Zmay together form a covalent bond; provided that R, is not 6-CN-2-pyridyl; further provided that if R5 is 3,4-dimeth-
oxy-phenyl, then Ry is not CH3(CH,)50-phenyl; 2-cyclopentyl-phenyl; 2-Cl-phenyl; 2-CN- phenyl; 2-(3-furanyl)
phenyl; or 4-(1,2-benzisothiazole); further provided that if Rg is 4-methoxy-phenyl, then R, is not 2-cyclopentyl-
phenyl; 2-CHs-phenyl; 2-benzyl-phenyl; 3-CHs, 4-CH3SO,-phenyl; 4-(1,2-benzisothiazole); further provided that
if Rg is 4-Cl-phenyl, then R, is not 2-CHs-phenyl; 5-iso-propyl-phenyl; 2-CHs-phenyl; 4-CH3-phenyl; phenyl; 2-CI-
phenyl; 4-Cl-phenyl; 2-methoxy; 4-CH3CHCH-phenyl; 3,4CH5-phenyl; 2,4CHs-phenyl; 2,3CH5-phenyl; 2-iso-pro-
pyl; 5-CHs-phenyl; pyridyl; 1-imidazole; or 4-(1,2-benzisothiazole); and further provided that if Rs is 3,5-dimethyl,
or 4-methoxy-phenyl, then R, is not 4-CH,, 6-CN-2-pyridyl; or thiophenecarboxamide; and pharmaceutical accept-
able salts and complexes thereof; wherein said compound has an IC5,<10 uM using the Calcium Receptor Inhibitor
Assay.

[0023] Maxine Gowen et al. examined the effect of a compound having a CaSR antagonistic action and called NPS-
2143

c1 O/Y\N
H

NPS-2143
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on osteogenesis by orally administering NPS-2143 to OVX rat and measuring the concentration in blood and bone
density, and reported the results [J. Clin. Invest., 105, 1595-1604 (2000)].

[0024] According to this publication, NPS-2143 significantly promotes release of PTH, but has no direct effect on
osteoblast and osteoclast in vitro, as a result of which no bone increase or decrease was found. One of the reasons
was considered to be the too long half-life of NPS-2143 in blood. When rat PTH (1-34) was administered to OVX rat
at a dose of 5 pg/kg, the PTH concentration in blood shows a peak at about 175 pg/ml in 30 min, and restores its
original level in 2 hr. When NPS-2143 was administered at a dose of 100 umol/kg, PTH concentration kept increasing
even after the PTH concentration in blood reached about 115 pg/ml in 30 min, and the concentration was about 140
pg/ml even after 4 hr [see J. Clin. Invest., 105, 1595-1604 (2000), p. 1598, Fig. 3].

[0025] At this time, the concentration in blood of NPS-2143 itself remained above 100 ng/ml even at 8 hr after ad-
ministration and it was only after 24 hr when the concentration became not more than 10 ng/ml and could not be
detected.

[0026] The reference of the above-mentioned Maxine Gowen et al. suggests that a calcium receptor antagonist
having a too long half-life in blood brings about the same results as in sustained administration of PTH and teaches
that an increase in the bone mass cannot be expected.

[0027] The present invention aims at providing a compound having a calcium receptor antagonistic action. The
present invention also aims at providing a pharmaceutical composition comprising said compound, which is effective
as an agent for the treatment of a disease showing abnormal calcium homeostasis, namely, osteoporosis, hypopar-
athyreosis, osteosarcoma, periodontal disease, bone fracture, steoarthrosis, chronic rheumatoid arthritis, Paget's dis-
ease, humoral hypercalcemia, autosomal dominant hypocalcemia and the like, particularly as a therapeutic agent for
osteoporosis, which is capable of oral administration and intermittent administration. Moreover, the present invention
aims at providing a synthetic intermediate for a compound having a calcium receptor antagonistic action.

Disclosure of the Invention

[0028] The presentinventors have conducted intensive studies in an attempt to solve the above-mentioned problems
and as a result, found that a compound of the following formula [I] has a superior calcium receptor antagonistic action
and can be administered orally and intermittently, which resulted in the completion of the present invention. All the
conventionally known calcium receptor antagonists increase PTH concentration in blood in a sustained manner and a
sufficient osteogenesis promoting action cannot be expected. In contrast, the compound of the following formula is
surprisingly capable of increasing the PTH concentration in blood intermittently in a non-sustained manner, and is
expected to be put into practical use as a superior therapeutic agent for osteoporosis.

[0029] The compound represented by the following formula of the present invention is characterized by its structure
wherein carbon atom adjacent to oxygen atom has R! and R? as substituents, i.e.,

[0030] Asis clear from the Experimental Example below, the compound of the present invention having the structure

has not only a superior calcium receptor antagonistic action, but a temporary non-sustained PTH secretion promoting
action, as compared to conventional compounds having the structure

Accordingly, it is considered that, by administration of the compound of the present invention, an effect similar to that
obtained by intermittent administration of PTH is obtained, which is extremely effective for the treatment of osteoporosis.
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[0031] Accordingly, the present invention relates to a compound represented by the following formula, a calcium
receptor antagonist and a therapeutic agent for osteoporosis, which contains the compound as an active ingredient,
and an intermediate compound useful for the synthesis of the compound. More particularly, the present invention
provides the following (1) to (21).

(1) A compound of the formula [I]

wherein

5 6

1 2 ‘ 4
RY 07T T Y (1)
3 s H : :
R R

R' is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substituted by
1 to 3 substituents selected from halogen atom, C,_g alkyl group, halo(C_g)alkyl group, hydroxy(C4_g)alkyl
group, C,_g alkoxy(C4_g)alkyl group, hydroxyl group, C,_g alkoxy group, halo(C4_g)alkoxy group, mercapto
group, C4_g alkylthio group, C,_g alkylsulfanyl group, C,_g alkylsulfonyl group, aminosulfonyl group, C4_g alkyl-
sulfamoyl group, di(C,_g)alkylsulfamoyl group, carboxy group, (C,_g alkoxy)carbonyl group, C,_; acyl group,
carbamoyl! group, (C4_g alkyl)carbamoyl group, di(C4_g alkyl)carbamoyl group, cyano group, nitro group, ami-
no group, C4_g alkylamino group, di(C_g)alkylamino group, C,_; acylamino group, C4_3 alkylenedioxy group,

wherein RA
R2

R3

R4

RS and R®

R7

X1

X2

X3

“and

is (C4.g alkoxy)carbonyl group or carboxy group, and RB is hydrogen atom or C,_g alkyl group;
is C_g alkyl group

wherein said C,_g alkyl group is optionally

substituted by 1 to 3 substituents selected from

halogen atom, hydroxyl group, C,_g alkoxy group,

carboxy group, amino group, C,_g alkylamino group,

di(C4_g)alkylamino group and oxo group, C5_7 cycloalkyl group, C,_g alkenyl group, C,_g alkynyl
group, aralkyl group, carboxy group, (C,_g alkoxy)carbonyl group or cyano group;
is hydrogen atom, C_g alkyl group, hydroxyl group, C4_g alkoxy group, mercapto group, C4_g alkylthio
group, carboxy group, (C4_g alkoxy)carbonyl group, (C4_g alkyl)carbamoyl group, di(C_g alkyl)car-
bamoyl group, amino group, C,_g alkylamino group or di(C,_g)alkylamino group;
is hydrogen atom, C,_g alkyl group or C,_g alkenyl group, or R3 and R4 in combination show oxo
group;
are the same or different and each is C4_g alkyl group, or R% and R8 in combination show cyclopropy!
group together with the carbon atom they bind to;
is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally sub-
stituted by 1 to 3 substituents selected from halogen atom, C,_g alkyl group, halo(C4_g)alkyl group,
hydroxy(C,.g)alkyl group, C5_; cycloalkyl group, hydroxyl group, C4_g alkoxy group, halo(C4_g)alkoxy
group, carboxy group, (C,_g alkoxy)carbonyl group, nitro group, cyano group, C,_g alkylsulfonyloxy
group, carbamoyl group and C,_3 alkylenedioxy group;
is a single bond, C,_g alkylene group or C,_¢ alkynylene group wherein said C,_g alkylene group
and C,_g alkynylene group are optionally substituted by C,_g alkyl group or oxo group;
is C4_g alkylene group wherein said C,_g alkylene group is optionally substituted by C,_g alkyl group
or halo(C4_g)alkyl group;
is a single bond or C,_g alkylene group wherein said C,_g alkylene group is optionally substituted
by hydroxyl group or oxo group;
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X4 and X5 in combination show a single bond, methylene group, -NH-, oxygen atom, sulfur atom, -C(=0O)-,
-CH,NH-, -CH,0-, -CH,S-, -CH,CO-, -NHCH,-, -OCH,-, -SCH,-, -COCH,-, -CH=CH- or -C=C-

(hereinafter sometimes to be

referred to as compound [l]),

a salt thereof, a solvate thereof or a prodrug thereof.

(2) A compound of the formula [I']

wherein

R"

R”

R2, R3, R4, R5, RS, X1, X2, X3, X4 and X5

is aryl group or heteroaryl group wherein said aryl group and heter-
oaryl group are optionally substituted by 1 to 3 substituents selected
from halogen atom, C,_g alkyl group, halo(C4_g)alkyl group, hydroxy
(C4_g)alkyl group, C4_g alkoxy(C,_g)alkyl group, hydroxyl group, C_¢
alkoxy group, halo(C4_g)alkoxy group, mercapto group, C,_g alkylthio
group, C,_g alkylsulfanyl group, C4_g alkylsulfonyl group, aminosulfo-
nyl group, C4_¢ alkylsulfamoyl group, di(C4_g)alkylsulfamoyl group,
carboxy group, (C.¢ alkoxy)carbonyl group, C4_; acyl group, car-
bamoyl group, (C4_g alkyl)carbamoyl! group, di(C,_g alkyl)carbamoyl
group, cyano group, nitro group, amino group, C4_g alkylamino group,
di(C4_g)alkylamino group and C,_; acylamino group;

is aryl group or heteroaryl group wherein said aryl group and heter-
oaryl group are optionally substituted by 1 to 3 substituents selected
from halogen atom, C,_g alkyl group, halo(C4_g)alkyl group, Cs_¢ cy-
cloalkyl group, hydroxyl group, C4_g alkoxy group, halo(C,_g)alkoxy
group, carboxy group, (C4_g alkoxy)carbonyl group, nitro group, cyano
group and C,_g alkylsulfonyloxy group; and

are same as defined above in (1) (hereinafter sometimes to be re-
ferred to as compound [I']) respectively,

a salt thereof, a solvate thereof or a prodrug thereof.

(3) A compound of the formula [I"]

, R® |
o 1
Rl. n/l\o/x

R

wherein

Ko
3 Rq_

5 6

2 - q L)
X\ X3,X\ S’R

X ‘{Il)]

R is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substituted
by 1 to 3 substituents selected from C,_3 alkylenedioxy group,

SO;—N—
‘ : |
and
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wherein RA is (C,4_g alkoxy)carbonyl group or carboxy group and

RB is hydrogen atom or C,_g alkyl group;

R7" is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substituted
by 1 to 3 substituents selected from hydroxy(C,_g)alkyl group, carbamoy! group and C,_; alkylenedioxy group;
and

R2, R3, R4, R5, R6, X1, X2, X3, X4 and X3 are same as defined above (1) (hereinafter sometimes to be referred
to as compound [I"]) respectively,

a salt thereof, a solvate thereof or a prodrug thereof.
(4) A compound of the formula [I-2]

21 5 6

11 - R R R 7
4

R X X R
X

xt %2
P ~N '
o} N X I-2
?(4 H [ )
R° R

RIZ

wherein R and R'2 are the same or different and each is hydrogen atom, halogen atom, C_4 alkyl group, hydroxy
(C4.6)alkyl group, C4_g alkoxy(C4_g)alkyl group, hydroxyl group, C4_4 alkoxy group, cyano group or nitro group, or
R' and R12 in combination show C,_5 alkylenedioxy group,

R21is C4_4 alkyl group

wherein said alkyl group is optionally substituted by

C4_4 alkoxy group,
Cs_5 cycloalkyl group, C,_4 alkenyl group, or aralkyl group, and R3, R4, R3, R8, R7, X1, X2, X3, X4 and X5 are
same as defined above (1) (hereinafter sometimes to be referred to as compound [I-2]) respectively,

a salt thereof, a solvate thereof or a prodrug thereof.
(5) The compound of the above-mentioned (4), which is represented by the formula [I-3]

71

21 ' , '
. "R ' Me Me
R ' : '
O/\l/\N R72 [1_3]
H .
O 4 ‘
R12 ) ’ .

wherein R7" and R72 are the same or different and each is hydrogen atom, C,_4 alkyl group or C,_4 alkoxy group,
or in combination show -CH=CH-CH=CH- or C,_5 alkylenedioxy group, and

R, R12 and R2! are same as defined in the above (4) (hereinafter sometimes to be referred to as compound
[I-3]) respectively, a salt thereof, a solvate thereof or a prodrug thereof.

(6) The compound of the above-mentioned (5), wherein R1! and R12 are the same or different and each is hydrogen
atom, chlorine atom, methyl group, hydroxymethyl group, hydroxyl group, methoxy group, cyano group or nitro
group, or R" and R'2 in combination show methylenedioxy group, and R2' is optionally branched C,_4 alkyl group
or C,_g5 cycloalkyl group, a salt thereof, a solvate thereof or a prodrug thereof.

(7) The compound of the above-mentioned (6), wherein R2! is methyl group, ethyl group, cyclopropyl group or
cyclobutyl group,

a salt thereof, a solvate thereof or a prodrug thereof.

(8) The compound of the above-mentioned (7), wherein R is hydrogen atom, R'2 is methyl group, methoxy group
or hydroxymethyl group, or R'" and R'2 in combination show methylenedioxy group, and R21 is methyl group or
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cyclopropyl group,

a salt thereof, a solvate thereof or a prodrug thereof.

(9) The compound of the above-mentioned (8), wherein R21 is cyclopropyl group,

a salt thereof, a solvate thereof or a prodrug thereof.

(10) The compound of the above-mentioned (9), wherein R7! and R72 in combination show -CH=CH-CH=CH-,

a salt thereof, a solvate thereof or a prodrug thereof.

(11) The compound of the above-mentioned (9), wherein R7! and R72 are groups selected from C,_4 alkyl group
and C,_4 alkoxy group,

a salt thereof, a solvate thereof or a prodrug thereof.

(12) The compound of the above-mentioned (1), which is selected from

(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methoxyphenyl)methoxy]propan-
2-ol,

(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methylphenyl)methoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(phenyl)methoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methylphenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2- (naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)propoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-cyanophenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(3-methoxyphenyl)ethoxy]propan-2-ol and

)-1-[

(2R 1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(3-methylphenyl)ethoxy]propan-2-ol,

a salt thereof, a solvate thereof or a prodrug thereof.

(13) (2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-hydroxymethylphenyl)methoxy]pro-
pan-2-ol, a salt thereof, a solvate thereof or a prodrug thereof.

(14) A pharmaceutical composition comprising the compound of any of the above-mentioned (1) to (13), a salt
thereof, a solvate thereof or a prodrug thereof as an active ingredient.

(15) A calcium receptor antagonist comprising the compound of any of the above-mentioned (1) to (13), a salt
thereof, a solvate thereof or a prodrug thereof as an active ingredient.

(16) A therapeutic agent for osteoporosis comprising the compound of any of the above-mentioned (1) to (13), a
salt thereof, a solvate thereof or a prodrug thereof as an active ingredient.

(17) A compound of the formula [l1]

vV

OH

| [11)
Rll

wherein R'"" is halogen atom, C4_4 alkyl group, hydroxy(C,_g)alkyl group, C4_5 alkoxy(C4_g)alkyl group, hydroxy!
group, C,_4 alkoxy group, tert-butyldimethylsilyloxymethyl group, cyano group or nitro group (hereinafter some-
times to be referred to as compound [I1]),

a salt thereof or a solvate thereof.

(18) The compound of the above-mentioned (17), wherein, in the formula [I1], R""" is C,_4 alkyl group, hydroxy(C4_g)
alkyl group or C4_4 alkoxy group,

a salt thereof or a solvate thereof.

(19) A compound of the formula [l11]
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wherein R1" is halogen atom, hydroxy(C,_g)alkyl group, C4_g alkoxy(C4_g)alkyl group, hydroxyl group, C4_4 alkoxy
group, tert-butyldimethylsilyloxymethyl group, cyano group or nitro group (hereinafter sometimes to be referred to
as compound [lIl]), a salt thereof or a solvate thereof.

(20) The compound of the above-mentioned (19), wherein, in the formula [l1], R"" is C,_4 alkoxy group,

a salt thereof or a solvate thereof.

(21) A compound of the formula [IV]

Me Me '
, : [IV]

R’

wherein R8 is carboxy group, nitro group, tert-butoxycarbonylamino group or benzyloxycarbonylamino group (herein-
after sometimes to be referred to as compound [IV]), a salt thereof or a solvate thereof.

Brief Description of the Drawings
[0032]

Fig. 1 shows the time-course changes of serum PTH concentration when 30 mg/kg of a compound of Example 22
was administered to rat.

Fig. 2 shows the time-course changes of serum PTH concentration when 30 mg/kg of a compound of Example 23
was administered to rat.

Fig. 3 shows the time-course changes of serum PTH concentration when 30 mg/kg of a compound of Example 24
was administered to rat.

Fig. 4 shows the time-course changes of serum PTH concentration when 100 mg/kg of a compound of Comparative
Example 1 was administered to rat.

Fig. 5 shows the time-course changes of serum PTH concentration when 30 mg/kg of NPS-2143 was administered
to rat.

Embodiment of the Invention

[0033] The terms used in the present specification are defined in the following.

[0034] The "aryl group" is aromatic hydrocarbon group having 6 to 12 carbon atoms, which may be partly saturated.
Examples thereof include phenyl group, biphenyl group, indenyl group, naphthyl and the like. Preferred are phenyl
group and naphthyl group, and particularly preferred is phenyl group. These aryl groups are optionally substituted by
the substituents to be mentioned later. The position of the bond of these aryl groups and the position of the substituent
when substituted are not particularly limited as long as they are chemically acceptable.

[0035] The "heteroaryl group" shows a 5-menbered to 6-membered unsaturated ring containing 1 to 3 heteroatoms
in the ring, which is selected from nitrogen atom, oxygen atom and sulfur atom, including a fused ring with a benzene
ring or other hetero ring. Examples of these heteroaryl groups include pyrrolyl group, furyl group, thienyl group, imida-
zolyl group, oxazolyl group, thiazolyl group, pyrazolyl group, isoxazolyl group, isothiazolyl group, oxadiazolyl group,
triazolyl group, indolyl group, benzofuryl group, benzothienyl group, benzimidazolyl group, benzoxazolyl group, ben-
zothiazolyl group, pyridyl group, pyrimidinyl group, quinolyl group, isoquinolyl group and the like. Preferred are ben-
zofuryl group, benzothienyl group, benzimidazolyl group, benzoxazolyl group, benzothiazolyl group, pyridyl group and
quinolyl group. These heteroaryl groups may be substituted by the substituents to be mentioned later. The position of
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the bond of these heteroaryl groups and the position of the substituent when substituted are not particularly limited as
long as they are chemically acceptable.

[0036] The "halogen atom" is fluorine atom, chlorine atom, bromine atom or iodine atom, preferably fluorine atom
and chlorine atom, and particularly preferably chlorine atom.

[0037] The "C,_¢ alkyl group” is linear or branched chain alkyl group having 1 to 6, preferably 1 to 4, carbon atoms,
and is exemplified by methyl group, ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, tert-butyl
group, pentyl group, isopentyl group, tert-pentyl group, hexyl group and the like, with preference given to C,_, alkyl
group selected from methyl group, ethyl group, propy! group, isopropyl group, butyl group, isobutyl group and tert-butyl
group.

[0038] The "halo(C4_g)alkyl group” is haloalkyl group wherein the aforementioned "C,_g alkyl group” is substituted by
one or more halogen atoms. The position of the substituent is not particularly limited as long as it is chemically accept-
able. Examples of "halo(C_g)alkyl group" include fluoromethyl group, difluoromethyl group, trifluoromethyl group, chlo-
romethyl group, dichloromethyl group, trichloromethyl group, bromomethyl group, dibromomethyl group, tribromome-
thyl group, iodomethyl group, diiodomethyl group, triiodomethyl group, 2-fluoroethyl group, 2,2-difluoroethyl group,
2,2,2-trifluoroethyl group, 2-chloroethyl group, 2,2-dichloroethyl group, 2,2,2-trichloroethyl group, 2-bromoethyl group,
2,2-dibromoethyl group, 2,2,2-tribromoethyl group, 3-chloropropyl group, 4-chlorobutyl group and the like, with prefer-
ence given to halo(C,_p)alkyl group such as trifluoromethyl group and 2,2,2-trichloroethyl group.

[0039] The "hydroxy(C4_g)alkyl group” is hydroxyalkyl group

wherein the aforementioned "C,_g alkyl group” is substituted by hydroxyl group. The position of the substituent is not
particularly limited as long as itis chemically acceptable. Examples of "hydroxy(C,_g)alkyl group" include hydroxymethyl
group, 1-hydroxyethyl group, 2-hydroxyethyl group, 1-hydroxypropyl group, 2-hydroxypropy! group, 3-hydroxypropyl
group, 2-hydroxy-1-methylethyl group, 1-hydroxybutyl group, 2-hydroxybutyl group, 3-hydroxybutyl group, 4-hydroxy-
butyl group, 3-hydroxy-2-methylpropyl group, 2-hydroxy-1,1-dimethylethyl group, 5-hydroxypentyl group, 6-hydroxy-
hexyl group and the like, with preference given to hydroxy C,_, alkyl group selected from hydroxymethyl group, 2-hy-
droxyethyl group, 3-hydroxypropyl group and 4-hydroxybutyl group.

[0040] The "C,_g alkoxy group" is linear or branched chain alkoxy group having 1 to 6, preferably 1 to 4, carbon
atoms. Examples thereof include methoxy group, ethoxy group, propoxy group, isopropoxy group, butoxy group, tert-
butoxy group, pentyloxy group, tert-pentyloxy group, hexyloxy group and the like, with preference given to C,_4 alkoxy
group selected from methoxy group, ethoxy group, propoxy group, isopropoxy group, butoxy group and tert-butoxy
group.

[0041] The "C,_g alkoxy(C4_g)alkyl group" is alkoxyalkyl group

wherein the aforementioned "C,_g alkyl group” is substituted by the aforementioned "C,_g alkoxy group". The position
of the substituent is not particularly limited as long as it is chemically acceptable. Examples of "C,_g alkoxy(C4_g)alkyl
group" include methoxymethyl group, ethoxymethyl group, propoxymethyl group, butoxymethyl group, pentyloxymethyl
group, hexyloxymethyl group, 1-methoxyethyl group, 1-ethoxyethyl group, 2-methoxyethyl group, 2-ethoxyethyl group,
1-methoxypropyl group, 1-ethoxypropyl group, 2-methoxypropyl group, 2-ethoxypropyl group, 3-methoxypropy! group,
3-ethoxypropyl group, 2-methoxy-1-methylethyl group, 1-methoxybutyl group, 1-ethoxybutyl group, 2-methoxybutyl
group, 2-ethoxybutyl group, 3-methoxybutyl group, 3-ethoxybutyl group, 4-methoxybutyl group, 4-ethoxybutyl group,
3-methoxy-2-methylpropyl group, 2-methoxy-1,1-dimethylethyl group, 2-ethoxy-1,1-dimethylethyl group, 5-methox-
ypentyl group, 6-methoxyhexyl group and the like, with preference given to C,_4 alkoxy(C,_4)alkyl group selected from
methoxymethyl group, ethoxymethyl group, propoxymethyl group, butoxymethyl group, 2-methoxyethyl group, 3-meth-
oxypropyl group and 4-methoxybutyl group.

[0042] The "halo(C,.g)alkoxy group" is haloalkoxy group wherein the aforementioned "C,_g alkoxy group" is substi-
tuted by one or more halogen atoms. The position of the substituent is not particularly limited as long as it is chemically
acceptable. Examples of "halo(C4_g)alkoxy group" include fluoromethoxy group, difluoromethoxy group, trifluorometh-
oxy group, chloromethoxy group, dichloromethoxy group, trichloromethoxy group, bromomethoxy group, dibromometh-
oxy group, tribromomethoxy group, iodomethoxy group, diiodomethoxy group, triodomethoxy group, 2-fluoroethoxy
group, 2,2-difluoroethoxy group, 2,2,2-trifluoroethoxy group, 2-chloroethoxy group, 2,2-dichloroethoxy group,
2,2,2-trichloroethoxy group, 2-bromoethoxy group, 2,2-dibromoethoxy group, 2,2,2-tribromoethoxy group, 3-chloro-
propoxy group, 4-chlorobutoxy group and the like, with preference given to halo(C,_,)alkoxy group such as trifluor-
omethoxy group and 2,2,2-trichloroethoxy group.

[0043] The "C,_g alkylthio group” is linear or branched chain alkylthio group having 1 to 6, preferably 1 to 4, carbon
atoms. Examples thereof include methylthio group, ethylthio group, propylthio group, isopropylthio group, butylthio
group, tert-butylthio group, pentylthio group, tent-pentylthio group, hexylthio group and the like, with preference given
to C4_4 alkylthio group selected from methylthio group, ethylthio group, propylthio group, isopropylthio group, butylthio
group and tert-butylthio group.

[0044] The "C,_g alkylsulfanyl group” is linear or branched chain alkylsulfanyl group having 1 to 6 carbon atoms.
Examples thereof include methylsulfanyl group, ethylsulfanyl group, propylsulfanyl group, isopropylsulfanyl group, bu-
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tylsulfanyl group, tent-butylsulfanyl group, pentylsulfanyl group, tert-pentylsulfanyl group, hexylsulfanyl group and the
like, with preference given to methylsulfanyl group, ethylsulfanyl group, propylsulfanyl group, isopropylsulfanyl group,
butylsulfanyl group and tert-butylsulfanyl group, all of which having 1 to 4 carbon atoms.

[0045] The "C,_g alkylsulfonyl group” is linear or branched chain alkylsulfonyl group having 1 to 6 carbon atoms.
Examples thereof include methylsulfonyl group, ethylsulfonyl group, propylsulfonyl group, isopropylsulfonyl group, bu-
tylsulfonyl group, tert-butylsulfonyl group, pentylsulfonyl group, tert-pentylsulfonyl group, hexylsulfonyl group and the
like, with preference given to methylsulfonyl group, ethylsulfonyl group, propylsulfonyl group, isopropylsulfonyl group,
butylsulfonyl group and tert-butylsulfonyl group, all of which having 1 to 4 carbon atoms.

[0046] The "C,_g alkylsulfamoyl group” is sulfamoyl group monosubstituted by the aforementioned "C,_g alkyl group”.
Examples thereof include methylsulfamoyl group, ethylsulfamoyl group, propylsulfamoyl group, isopropylsulfamoyl
group, butylsulfamoyl group, tert-butylsulfamoyl group, pentylsulfamoyl group, tert-pentylsulfamoyl group; hexylsulfa-
moyl group and the like, with preference given to methylsulfamoyl group, ethylsulfamoyl group, propylsulfamoyl group,
isopropylsulfamoyl group, butylsulfamoyl group and tert-butylsulfamoyl group, all of which having 1 to 4 carbon atoms.
[0047] The "di(C4_g)alkylsulfamoyl group" is sulfamoyl group disubstituted by the aforementioned "C,_g alkyl group”.
Examples thereof include dimethylsulfamoyl group, diethylsulfamoyl group, dipropylsulfamoyl group, diisopropylsulfa-
moyl group, dibutylsulfamoyl group, diisobutylsulfamoyl group, di-tert-butylsulfamoyl group, dipentylsulfamoyl group,
ethylmethylsulfamoyl group, methylpropylsulfamoyl group, butylmethylsulfamoyl group, ethylpropylsulfamoyl group,
ethylbutylsulfamoyl group and the like, with preference given to dimethylsulfamoyl group, diethylsulfamoyl group and
dipropylsulfamoyl group.

[0048] The "(C4_g alkoxy)carbonyl group" is alkoxycarbonyl group wherein the C,_g alkoxy moiety is exemplified by
the aforementioned "C,_g alkoxy group". Examples thereof include methoxycarbonyl group, ethoxycarbonyl group,
propoxycarbonyl group, isopropoxycarbonyl group, butoxycarbonyl group, isobutoxycarbonyl group, tert-butoxycarb-
onyl group, pentyloxycarbonyl group, hexyloxycarbonyl group and the like, with preference given to (C;_, alkoxy)car-
bonyl group selected from methoxycarbonyl group, ethoxycarbonyl group, propoxycarbonyl group, isopropoxycarbonyl
group, butoxycarbonyl group and tert-butoxycarbonyl group.

[0049] The "C,_; acyl group” is alkanoyl group or aroyl group having 1 to 7 carbon atoms. Examples thereof include
formyl group, acetyl group, propionyl group, butyryl group, pivaloyl group, benzoyl group and the like, with preference
given to formyl group, acetyl group, pivaloyl group and benzoyl group.

[0050] The "(C4_galkyl)carbamoyl group” is alkylcarbamoyl group wherein the carbamoyl group is substituted by C_¢
alkyl group exemplified for the aforementioned "C,_g alkyl group”. Examples thereof include methylcarbamoyl group,
ethylcarbamoyl group, propylcarbamoyl group, isopropylcarbamoyl group, butylcarbamoy! group, tert-butylcarbamoyl
group, pentylcarbamoyl group, tert-pentylcarbamoyl group, hexylcarbamoyl group and the like, with preference given
to (C4_4 alkyl)carbamoyl group selected from methylcarbamoyl group, ethylcarbamoyl group, propylcarbamoyl group,
isopropylcarbamoyl group, butylcarbamoyl group and tert-butylcarbamoyl group.

[0051] The "di(C,_g alkyl)carbamoyl group” is dialkylcarbamoyl group wherein the carbamoyl group is disubstituted
by the aforementioned "C,_g alkyl group”, and the kind of the alkyl groups may be different. Examples thereof include
dimethylcarbamoyl group, diethylcarbamoy! group, dipropylcarbamoyl group, diisopropylcarbamoyl group, dibutylcar-
bamoyl group, di-tert-butylcarbamoyl group, dipentylcarbamoyl group, di-tert-pentylcarbamoyl group, dihexylcar-
bamoyl group, methylethylcarbamoyl group, methylpropylcarbamoyl group, methylbutylcarbamoyl group, ethylpropyl-
carbamoyl group, ethylbutylcarbamoyl group and the like, with preference given to di(C,_4 alkyl)carbamoyl group se-
lected from dimethylcarbamoyl group, diethylcarbamoyl group, dipropylcarbamoyl group, dibutylcarbamoyl group and
di-tert-butylcarbamoyl group.

[0052] The "C,_galkylamino group" is alkylamino group wherein the amino group is substituted by the aforementioned
"C4.g alkyl group". Examples thereof include methylamino group, ethylamino group, propylamino group, isopropylamino
group, butylamino group, isobutylamino group, tert-butylamino group, pentylamino group, isopentylamino group, tert-
pentylamino group, hexylamino group and the like, with preference given to C,_, alkylamino group selected from meth-
ylamino group, ethylamino group, propylamino group, isopropylamino group, butylamino group, isobutylamino group
and tert-butylamino group.

[0053] The "di C,_g alkylamino group" is dialkylamino group wherein the amino group is disubstituted by the afore-
mentioned "C,_g alkyl group", and the kind of the alkyl groups may be different. Examples thereof include dimethylamino
group, ethylmethylamino group, diethylamino group, methylpropylamino group, ethylpropylamino group, dipropylamino
group, diisopropylamino group, dibutylamino group, diisobutylamino group, di-tert-butylamino group, dipentylamino
group, diisopentylamino group, di-tert-pentylamino group, dihexylamino group and the like, with preference given to
di(C4_4)alkylamino group selected from dimethylamino group, diethylamino group, dipropylamino group, diisopro-
pylamino group, dibutylamino group, diisobutylamino group and di-tert-butylamino group.

[0054] The "C4_; acylamino group" is amino group substituted by the aforementioned "C,_; acyl group". Examples
thereof include alkanoylamino group such as formylamino group, acetylamino group, propionylamino group, butyr-
ylamino group, pivaloylamino group and the like; and aroylamino group wherein aryl group optionally has 1 to 3 sub-
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stituents, such as benzoylamino group and the like, with preference given to formylamino group, acetylamino group,
pivaloylamino group and benzoylamino group.

[0055] The "C3_; cycloalkyl group" is cyclic alkyl group having 3 to 7, preferably 3 to 6, carbon atoms. Examples
thereof include cyclopropyl group, cyclobutyl group, cyclopentyl group, cyclohexyl group, cycloheptyl group and the
like. Preferred are C4_5 cycloalkyl group such as cyclopropyl group, cyclobutyl group, cyclopentyl group and the like,
more preferred are cyclopropyl group and cyclobutyl group, and particularly preferred is cyclopropyl! group.

[0056] The "C,_g alkenyl group” is alkenyl group having 2 to 6 carbon atoms. Examples thereof include vinyl group,
1-propenyl group, allyl group, 1-butenyl group, 2-butenyl group, 3-butenyl group, 1-pentenyl group, 2-pentenyl group,
3-pentenyl group, 4-pentenyl group, 5-hexenyl group and the like, with preference given to C,_4 alkenyl group such as
vinyl group, allyl group and the like.

[0057] The "C,_g alkynyl group” is alkynyl group having 2 to 6, preferably 2 to 4, carbon atoms. Examples thereof
include ethynyl group, 1-propynyl group, 2-propynyl group, 1-butynyl group, 2-butynyl group, 3-butynyl group, 1-pen-
tynyl group, 2-pentynyl group, 3-pentynyl group, 4-pentynyl group, 5-hexynyl group and the like, with preference given
to C,_4 alkynyl group selected from ethynyl group, 1-propynyl group and 2-propynyl group.

[0058] The “aralkyl group” is arylalkyl group wherein the aforementioned "C,_g alkyl group” is substituted by the
aforementioned "aryl group". The position of the substituent is not particularly limited as long as it is chemically ac-
ceptable. Examples of "aralkyl group” include benzyl group, phenethyl group, 3-phenylpropyl group, 4-phenylbutyl
group, 5-phenylpentyl group, 6-phenylhexyl group, 1-naphthylmethyl group, 2-naphthylmethyl group and the like, with
preference given to phenyl(C,_5)alkyl group wherein the "aryl" moiety is phenyl and the "alkyl" moiety is methyl or ethyl,
such as benzyl group and phenethyl group.

[0059] The "C,_galkylsulfonyloxy group" is alkylsulfonyloxy group wherein the C,_g alkyl moiety is the aforementioned
"C4.g alkyl group”. Examples thereof include methylsulfonyloxy group, ethylsulfonyloxy group, propylsulfonyloxy group,
isopropylsulfonyloxy group, butylsulfonyloxy group, isobutylsulfonyloxy group, tert-butylsulfonyloxy group, pentylsul-
fonyloxy group, isopentylsulfonyloxy group, tert-pentylsulfonyloxy group and hexylsulfonyloxy group, with preference
given to C4_4 alkylsulfonyloxy group selected from methylsulfonyloxy group, ethylsulfonyloxy group, propylsulfonyloxy
group, isopropylsulfonyloxy group, butylsulfonyloxy group, isobutylsulfonyloxy group and tert-butylsulfonyloxy group.
[0060] The "C,4_5 alkylenedioxy group" is methylenedioxy group, ethylenedioxy group or propylenedioxy group, pref-
erably methylenedioxy group or ethylenedioxy group, and particularly preferably methylenedioxy group.

[0061] The "C4_galkylene group” is alkylene group having 1 to 6 carbon atoms. Examples thereof include methylene
group, ethylene group, propylene group, butylene group, pentylene group, hexylene group and the like, with preference
given to C,_4 alkylene group selected from methylene group, ethylene group and propylene group.

[0062] The "C,_g alkynylene group" is alkynylene group having 2 to 6, preferably 2 or 3, carbon atoms. Examples
thereof include vinylene group, 1-propenylene group, 2-propenylene group, 1-butenylene group, 2-butenylene group,
3-butenylene group, 1-pentenylene group, 2-pentenylene group, 3-pentenylene group, 4-pentenylene group, 1-hexe-
nylene group, 2-hexenylene group, 3-hexenylene group, 4-hexenylene group, 5-hexenylene group and the like, with
preference given to C,_5 alkynylene group selected from vinylene group, 1-propenylene group and 2-propenylene
group.

[0063] The aryl group and heteroaryl group of the present invention are optionally substituted by 1 to 3 substituents
selected from halogen atom, C,_g alkyl group, halo(C,_g)alkyl group, hydroxy(C4_g)alkyl group, C,_g alkoxy(C4_g)alkyl
group, hydroxyl group, C,_g alkoxy group, halo(C,_g)alkoxy group, mercapto group, C4_g alkylthio group, C,_g alkylsul-
fanyl group, C,_g alkylsulfonyl group, aminosulfonyl group, C,_g alkylsulfamoyl group, di(C,_g)alkylsulfamoyl group,
carboxy group, (C,.g alkoxy)carbonyl group, C4_; acyl group, carbamoyl group, (C,_g alkyl)carbamoyl group, di(C,_¢
alkyl)carbamoy! group, cyano group, nitro group, amino group, C,_g alkylamino group, di(C4_g)alkylamino group, C4_7
acylamino group, C4_3 alkylenedioxy group,

and

wherein RA is (C_g alkoxy)carbonyl group or carboxy group, and RB is hydrogen atom or C4_g alkyl group.

[0064] The "salt" of the compound of the present invention is exemplified by, but not limited to, inorganic acid addition
salts such as hydrochloride, hydrobromide, sulfate, phosphate, nitrate and the like; organic acid addition salts such as
acetate, propionate, succinate, glicolate, lactate, malate, oxalate, tartrate, citrate, maleate, fumarate, methanesul-
fonate, benzenesulfonate, p-toluenesulfonate, ascorbate and the like; amino acid addition salts such as aspartate,
glutamate and the like. Preferable salts are hydrochloride and fumarate, particularly preferably fumarate.
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[0065] The presentinvention encompasses solvates, wherein a "solvate" of the compound means that the compound
of the present invention is bonded to a solvent molecule such as water, alcohol and the like via a comparatively weak
bond due to van der Waals force, electrostatic interaction, hydrogen bond, charge transfer bond, coordinate bond and
the like in a solid such as crystal, amorphous and the like or a solution. In some cases, a solvent may be taken in a
solid as exemplified by hydrate, alcoholate and the like. Preferable solvate is hydrate.

[0066] A "prodrug" of the compound means a derivative of the compound of the present invention, which has a
chemically or metabolically decomposable group, and shows pharmaceutical activity upon hydrolysis, solvolysis or
decomposition under physiological conditions.

[0067] The compounds of the formula [I], [I-2] and [I-3] of the present invention may be present as various isomers
such as optical isomer, stereocisomer, geometric isomer, tautomer and the like. The present invention encompasses
all these isomers and mixtures thereof.

[0068] Inthe compound of the formula [I] of the present invention, R is preferably aryl group, more preferably phenyl
group or naphthyl group and particularly preferably phenyl group. When R is aryl group, the substituent is preferably
halogen atom, C,_4 alkyl group, hydroxy(C,_g)alkyl group, C4_g alkoxy(C4_g)alkyl group, hydroxyl group, C,_4 alkoxy
group, cyano group, nitro group or C,_3 alkylenedioxy group, more preferably chlorine atom, methyl group, hydroxyme-
thyl group, methoxy group, cyano group, nitro group, hydroxyl group or methylenedioxy group, particularly preferably
methyl group, hydroxymethyl group, methoxy group or methylenedioxy group.

[0069] When R' is heteroaryl group, R is preferably selected from thienyl group, furyl group, pyridyl group and
thiazolyl group, and the substituent when R is heteroaryl group is preferably C,_g alkyl group or halogen atom, par-
ticularly preferably methyl group or bromine atom.

[0070] R2Zis preferably optionally substituted and optionally branched C,_4 alkyl group, Cs 5 cycloalkyl group, C,_4
alkenyl group or aralkyl group, and the substituent of C4_, alkyl group is preferably C,_4 alkoxy group. RZ is more
preferably methyl group, ethyl group, cyclopropyl group or cyclobutyl group, most preferably methyl group or cyclopropyl
group, and particularly preferably cyclopropyl group.

[0071] R3is preferably hydroxyl group, and R# is preferably hydrogen atom. R® and R® are each preferably methyl
group. R7 is preferably aryl group, more preferably phenyl group or naphthyl group. The substituent of R7 is preferably
C4.6 alkyl group, C4_g alkoxy group, hydroxyl group or C,_3 alkylenedioxy group, more preferably C,_4 alkyl group, C44
alkoxy group or C4_5 alkylenedioxy group, most preferably C,_, alkyl group or C4_4 alkoxy group, particularly preferably
methyl group or methoxy group. R7 is preferably naphthyl group, 4-methoxy-3-methylphenyl group or 3,4-methylene-
dioxyphenyl group, and particularly preferably naphthyl group or 4-methoxy-3-methylphenyl group. X! is preferably
C1. alkylene group, particularly preferably methylene group. X2 is preferably methylene group. X3 is preferably meth-
ylene group. X4 and X5 are each preferably a single bond.

[0072] R is preferably hydrogen atom, halogen atom, C_, alkyl group, hydroxy(C4_g)alkyl group, C4_g alkoxy(C_g)
alkyl group, hydroxyl group, C4_4 alkoxy group, cyano group or nitro group, more preferably hydrogen atom, chlorine
atom, methyl group, hydroxymethyl group, methoxy group, cyano group, hydroxyl group or nitro group, particularly
preferably hydrogen atom.

[0073] R'2is preferably hydrogen atom, halogen atom, C4_4 alkyl group, hydroxy(C_g)alkyl group, C_g alkoxy(C.g)
alkyl group, hydroxyl group, C4_4 alkoxy group, cyano group or nitro group, more preferably chlorine atom, methyl
group, hydroxymethyl group, methoxy group, cyano group, hydroxyl group or nitro group, particularly preferably methyl
group, hydroxymethyl group or methoxy group.

[0074] R2'is preferably methyl group, ethyl group, cyclopropyl group or cyclobutyl group, more preferably methyl
group or cyclopropyl group, particularly preferably cyclopropyl group. The configuration of

. Rz
)\ is preferably /‘\
R To— R To—

[0075] A preferable embodiment of the compound [I] of the present invention is compound [I-2], and more preferably
compound [I-3].

[0076] Specific examples of the preferable compounds of the present invention are given in the following:

(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methoxyphenyl)methoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino)-3-[(cyclopropyl)(2-methylphenyl)methoxy)propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(phenyl)methoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2- (naphthalen-2-yl) ethylamino]-3-[1-methoxyphenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino)-3-[1-(2-methylphenyl)ethoxy]propan-2-ol,
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(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)propoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-cyanophenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(3-methoxyphenyl)ethoxy]propan-2-ol, and
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(3-methylphenyl)ethoxy]propan-2-ol; and
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-hydroxymethylphenyl)methoxy]propan-
2-ol

[0077] When the compound of the present invention is used as a pharmaceutical product, its form is the compound
itself (free form), a salt of the compound, a solvate of the compound or a prodrug of the compound, which is preferably
a free form, a salt of the compound or a solvate of the compound, particularly preferably a salt of the compound.
[0078] Now the production method of the compound of the formula [I] of the present invention is explained in detail.
It is needless to say that the present invention is not limited to these production methods. When constructing the
compound of the present invention, the construction can be started from the moiety easily produced. When a reactive
functional group is involved in each step, it may be protected or deprotected as appropriate. For easy progress of the
reaction, a reagent other than the exemplified reagent can be used as appropriate.

[0079] Any compound obtained in each step can be isolated and purified by a conventional method, and in some
cases, the next step is performed without isolation or purification.

1 2 -
LI/XXX\LZ R2 }
: BT W /k 2 z
A . R R . O/X X\Lz
R!-CHO + R2Mgx Step 1 -~ (7) R?(RA |
(4 (5) \ . R / . (8)
P & Step 2 R
'Rz : of \Q -R? |
/K / () x: : 1)\ /Xl-
Rl o _— Ll/ ~ 7 R ‘ O, y
(a) . : ‘ R (8"
| I (7'). : ,
Step 3
R\ R°® : o
P 2
,X /R 2 5 6
BNT X K i | R><R‘
- 1 2 4 2
B ’ X P-4 : X ~R
, (9) g NG X ~y NELSANE
- T ' ¥ R H _ ~ -
[I]

wherein X is halogen atom, L' and L2 are each a leaving group, such as halogen atom and sulfonyloxy group (e.g.,
3-nitrobenzenesulfonyloxy group, p-toluenesulfonyloxy group, benzenesulfonyloxy group, p-bromobenzenesulfony-
loxy group, methanesulfonyloxy group, trifluoromethanesulfonyloxy group and the like), R® is oxygen atom or sulfur
atom, and other symbols are as defined above.

Step 1

[0080] By reacting aldehyde compound (4) with Grignard reagent (5) in diethyl ether, tetrahydrofuran, 1,4-dioxane
and the like or a mixed solvent thereof at a temperature of from -80°C to room temperature, compound (6) can be
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obtained. The Grignard reagent can be prepared by a known method.

[0081] Alternatively, ketone compound (4') is reduced with a reducing agent such as lithium aluminum hydride, so-
dium borohydride, lithium borohydride and the like in diethyl ether, tetrahydrofuran, 1,4-dioxane, isopropanol and the
like or a mixed solvent thereof at a temperature of from -10°C to room temperature to give compound (6). In this case,
asymmetric reduction using an asymmetric reducing agent such as B-chlorodiisopinocampheylborane and the like, or
asymmetric hydrogenation using a ruthenium complex such as dichloro[(S)-(-)-2,2'-bis(diphenylphosphino)-1,1'-
binaphthylJruthenium (Il) and the like can be also conducted.

Step 2

[0082] By reacting the compound (6) to be obtained in Step 1 with compound (7) in N,N-dimethylformamide, dimethyl
sulfoxide, tetrahydrofuran and the like or a mixed solvent thereof in the presence of a base such as sodium hydride,
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium hydrogencarbonate, potas-
sium hydrogencarbonate, triethylamine, N,N-diisopropylethylamine, N-methylmorpholine, pyridine, 4-dimethylami-
nopyridine and the like at a temperature of from 0°C to room temperature, compound (8) can be obtained. In this case,
L' is a leaving group having greater reactivity than does L2.

[0083] When acompound wherein R3 is hydroxyl group or mercapto group, R4 is hydrogen atom and X2 is methylene
group is desired, compound (7') is used instead of compound (7). In this case, alkylammonium hydrogensulfate such
as tetrabutylammonium hydrogensulfate and the like can be added.

[0084] Upon determination of the reagent and leaving group to be used, a stereoselective reaction can be carried out.

Step 3

[0085] By reacting compound (8) to be obtained in Step 2 with compound (9) in N,N-dimethylformamide, dimethyl
sulfoxide, tetrahydrofuran and the like or a mixed solvent thereof in the presence of a base such as sodium hydride,
sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate and the like at a temperature of from
0°C to room temperature, a compound of the formula [I] can be obtained.

[0086] In addition, by reacting compound (8') with compound (9) in methanol, ethanol, n-propanol, isopropanol, tet-
rahydrofuran, 1,4-dioxane, acetonitrile, toluene and the like or a mixed solvent thereof at a temperature of from room
temperature to refluxing temperature, a compound of the formula [I] wherein R3 is hydroxyl group or mercapto group,
R% is hydrogen atom and X2 is methylene group can be obtained. In this case, alkali perchlorate such as lithium per-
chlorate and the like is preferably added.

[0087] When an acid addition salt of compound of the formula [I] is desired, a known method can be used. For
example, compound of the formula [I] is dissolved in water, methanol, ethanol, n-propanol, isopropanol, diethyl ether,
tetrahydrofuran, 1,4-dioxane, ethyl acetate, dichloromethane, 1,2-dichloroethane, chloroform and the like or a mixed
solvent of these, the above-mentioned solvent, in which a desired acid has been dissolved, is added and the precipitated
crystals are collected by filtration, or the solution is concentrated under reduced pressure.

[0088] When the acid addition salt of the compound of the formula [I] is converted to a free form, the acid addition
salt of the compound of the formula [I] is subjected to partitioning between two phases of an aqueous solution of a
base such as sodium hydrogencarbonate, potassium hydrogencarbonate, sodium carbonate, potassium carbonate,
sodium hydroxide, potassium hydroxide, lithium hydroxide and the like and a solvent such as ethyl acetate, dichlo-
romethane, 1,2-dichloroethane, chloroform, methyl ethyl ketone, toluene and the like to give a free form of the com-
pound of the formula [l].

[0089] The compound (4') can be prepared by the following method.

5 Me\N/OMe R"’MgX.' : R
‘Rl/&o Step 4 1'/& . (5) I/K
., ———— R ) e R -0

(10) - - (11) - Step 5 - (4')

wherein each symbol is as defined above.
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Step 4

[0090] By reacting compound (10) with N,O-dimethylhydroxylamine or a salt thereof in a solvent such as dichlo-
romethane, chloroform, 1,2-dichloroethane, tetrahydrofuran, 1,4-dioxane and the like in the presence of a base such
as triethylamine, N,N-diisopropylethylamine and the like, compound (11) can be obtained.

Step 5

[0091] By reacting compound (11) to be obtained in Step 4 with Grignard reagent (5) in diethyl ether, tetrahydrofuran,
1,4-dioxane and the like or a mixed solvent thereof at a temperature of from -80°C to room temperature, compound
(4" can be obtained.

[0092] The compound (9) can be prepared by the following method.

- : 5 6
R> R® R\ R |
4 7 Step 6 4 7
. + X\XB/X\XS/R ,-———_’. HO C XB’X\XS/R
CO,H , 2 '
13 14)
(12) (13) {
' - | s 6 , 5 6
Step 7 R R | Step 8 R R .
% R » ™ R’
Cd rd . td \ rd
— rno,cun” %Y x® ~ B NT X%
{15) , : (9)

wherein Rh is carboxy-protecting group such as benzyl group, tert-butyl group and the like and each of other symbols
is as defined above.

Step 6

[0093] By reacting compound (12) with compound (13) in a solvent such as tetrahydrofuran, n-hexane and the like
in the presence of a base such as n-butyllithium and the like and hexamethylphosphoramide, compound (14) can be
obtained.

Step 7

[0094] In this step, compound (14) to be obtained in Step 6 is subjected to Curtius rearrangement to give compound
(15). The compound (14) is reacted with alkyl halocarbonate such as ethyl chlorocarbonate and the like in water,
acetone, methyl ethyl ketone and the like or a mixed solvent thereof in the presence of a base such as triethylamine,
N,N-diisopropylethylamine and the like. Then, sodium azide is reacted, and the obtained compound is subjected to
rearrangement under heating and reacted with alcohol represented by Rh-OH to give compound (15).

Step 8

[0095] Inthis step, -CO,Rh of compound (15) to be obtained in Step 7 is deprotected by a method generally employed
for removing this protecting group. For example, when Rh is benzyl group, compound (15) is subjected to hydrogenation
using a catalyst such as palladium carbon, palladium black, palladium hydroxide on carbon, Raney-nickel and the like
in a solvent such as methanol, ethanol, n-propanol, isopropanol, tetrahydrofuran, 1,4-dioxane and the like to give
compound (9). When, for example, Rh is tert-butyl group, a reaction using an acid such as hydrogen chloride, sulfuric
acid, hydrogen bromide and the like in water, methanol, ethanol, n-propanol, isopropanol, tetrahydrofuran, 1,4-dioxane,
acetic acid and the like or a mixed solvent thereof gives compound (9).

[0096] When, of the compounds (9), compound (9') wherein -X3-X4-X5- is methylene is desired, the following method
can be employed.
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S 6 ' RY
R R ~, Step 9 R ;
H—CH;7R R
. + HO .
0]
17) 8
(16) (17) : (18)
Ry R® | Ry R°
Step 10 X/ ; Step 11 X/ 7
R R
ACHN R
(19) {(9")

wherein each symbol is as defined above.
Step 9

[0097] By reacting compound (17) with compound (16) in a solvent such as tetrahydrofuran, n-hexane and the like
in the presence of abase such as n-butyllithium and the like, compound (18) can be obtained.

Step 10

[0098] By reacting compound (18) to be obtained in Step 9 in acetonitrile and acetic acid by adding sulfuric acid,
compound (19) is obtained.

Step 11

[0099] By reacting compound (19) to be obtained in Step 10 in water, methanol, ethanol, n-propanol, isopropanol,
tetrahydrofuran, 1,4-dioxane, acetic acid and the like or a mixed solvent thereof using an acid such as hydrogen chlo-
ride, sulfuric acid, hydrogen bromide and the like under heating, compound (9') is obtained.

[0100] The compound (9') can be also obtained by reacting compound (19) in a solvent such as water, methanol,
ethanol, n-propanol, isopropanol, tetrahydrofuran, 1,4-dioxane, ethylene glycol and the like using a base such as so-
dium hydroxide, potassium hydroxide, lithium hydroxide and the like under heating.

[0101] The compound (9') can be also obtained by the following method.

. 5 : 6 .
R} R’ Step 12 AN\ , Step 13
7 "R
+ - O,N
NO, : : =
(21) ' OH
(20) (22)
5 6 5 [
R\ R Step 14 R\ R step 15 R\' R
7 7 7
R 5 R s R
O,N O,N H,N
X (24) (9')
(23) -

wherein each symbol is as defined above.
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Step 12

[0102] By reacting compound (21) with compound (20) in a solvent such as tetrahydrofuran, N,N-dimethylformamide,
dimethyl sulfoxide and the like, in the presence of tetraalkylammonium halide such as tetrabutylammonium fluoride
and the like and trialkylhalosilane such as tert-butyldimethylchlorosilane and the like, compound (22) can be obtained.

Step 13

[0103] By subjecting compound (22) to be obtained in Step 12 to halogenation using a halogenating agent such as
thionyl chloride, oxalyl chloride and the like, compound (23) can be obtained. In this reaction, the halogenating agent
itself to be used may be used as a solvent, or a solvent such as dichloromethane, chloroform, 1,2-dichloroethane,
tetrahydrofuran, 1,4-dioxane and the like may be used.

Step 14

[0104] By subjecting compound (23) to be obtained in Step 13 to hydrogenation in a solvent such as methanol,
ethanol, n-propanol, isopropanol, tetrahydrofuran, 1,4-dioxane, ethyl acetate and the like in the presence of a catalyst
such as palladium carbon, palladium black, palladium hydroxide on carbon and the like, compound (24) can be obtained.
In this reaction, pressurization to some extent is preferable.

Step 15

[0105] By subjecting compound (24) to be obtained in Step 24 to hydrogenation using a catalyst such as Raney-
nickel and the like in a solvent such as methanol, ethanol, n-propanol, isopropanol, tetrahydrofuran, 1,4-dioxane and
the like, compound (9') can be obtained. In this reaction, pressurization to some extent is preferable.
[0106] The intermediate compounds shown in the above-mentioned production method are useful as an intermediate
for compound [I]. Of these intermediate compounds, the following compounds are novel compounds:

(A) compound [l1] consisting of part of compound (6) and compound to be obtained by Step 2 of Example 57 below,
a salt thereof and a solvate thereof (R"!" is preferably C,_4 alkyl group, hydroxy(C_g)alkyl group or C,_4 alkoxy
group),

(B) compound [lll] consisting of part of compound (4') and compound to be obtained by Step 2 of Example 58
below, a salt thereof and a solvate thereof (R" is preferably C_4 alkoxy group),

(C) compound [IV] consisting of compound (14), compound (15) and compound (24) (in the formulas (14), (15)
and (24), R5 and R® are methyl group, and -X3-X4-X5-R7 group is 2-naphthylmethyl group), a salt thereof and a
solvate thereof.

[0107] The thus-obtained compound of the formula [I] of the present invention has a superior calcium receptor an-
tagonistic action. When the compound of the present invention is to be used as a therapeutic agent of osteoporosis,
hypoparathyreosis, osteosarcoma, periodontal disease, bone fracture, steoarthrosis, chronic rheumatoid arthritis,
Paget's disease, humoral hypercalcemia, autosomal dominant hypocalcemia and the like, it is generally administered
systemically or topically, and orally or parenterally.

[0108] While the dose varies depending on age, body weight, condition, treatment effect, administration method,
treatment period and the like, it is generally 0.01 mg to 10 g for an adult per day, which is given once or in several
portions a day by oral or parenteral administration.

[0109] When the compound of the present invention is prepared into a solid composition for oral administration, a
dosage form of tablet, pill, powder, granule and the like can be employed. In such a solid composition, one or more
active ingredient is admixed with at least one inert diluent, dispersing agent, absorbent and the like, such as lactose,
mannitol, glucose, hydroxypropyl cellulose, crystalline cellulose, starch, polyvinyl hydrin, magnesium aluminometasil-
icate, anhydrous silicic acid powder and the like. The composition may contain an additive other than diluent according
to a conventional method.

[0110] For preparation of tablets or pills, gastric or enteric film of sucrose, gelatin, hydroxypropyl cellulose, hy-
droxymethylcellulose phthalate and the like may be applied or two or more layers may be formed. In addition, they
may be prepared into capsules of gelatin or ethylcellulose.

[0111] For preparation of liquid composition for oral administration, a dosage form such as pharmaceutically accept-
able emulsion, solution, suspension, syrup, elixir and the like can be employed. The diluent to be used is, for example,
purified water, ethanol, vegitable oil, emulsifier and the like. This composition may contain diluent and an adjuvant
other than the diluent, such as wetting agent, suspending agent, sweetener, flavor, perfume, preservative and the like.
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[0112] For preparation of parenteral injection, sterile aqueous or nonaqueous solvent, solubilizer, suspending agent
or emulsifier is used. Examples of the aqueous solvent, solubilizer and suspending agent include distilled water for
injection, physiological saline, cyclodextrin and derivatives thereof, organic amines such as triethanolamine, dieth-
anolamine, monoethanolamine, triethylamine and the like, inorganic alkali solution and the like.

[0113] When a water-soluble solvent is to be prepared, for example, propylene glycol, polyethylene glycol, vegetable
oil such as olive ail, alcohol such as ethanol, and the like may be used. As the solubilizer, for example, surfactant
(forming a mixed micelle) such as polyoxyethylene hydrogenated castor oil, sucrose esters of fatty acid and the like,
lecithin or hydrogenated lecithin (forming a liposome) and the like can be used. In addition, an emulsion preparation
consisting of a water-insoluble solvent such as vegetable oil and the like, and lecithin, polyoxyethylene hydrogenated
castor oil, polyoxyethylene polyoxypropylene glycol and the like may be formed.

[0114] As other compositions for parenteral administration, an external liquid, liniment such as ointment, suppository,
pessary and the like, containing one or more active ingredients and prepared by a method known per se may be
formulated.

Examples

[0115] The compound of the formula [I] of the present invention and its production methods are explained in detail
by referring to the following Examples, which are not to be construed as limitative.

Example 1
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methoxyphenyl)methoxy]propan-2-ol.
Step 1

(Cyclopropyl) (2-methoxyphenyl)methanol.

[0116]

\WV
OH
OMe -

[0117] Magnesium (10.7 g) was suspended in tetrahydrofuran (80 ml), and to the suspension was added iodine (5
mg). Bromocyclopropane (32.0 ml) was added dropwise thereto over 1.5 hr and the mixture was heated under reflux
for 1.5 hr. Thereto was added tetrahydrofuran to give a 1M cyclopropylmagnesium bromide-tetrahydrofuran solution.
Subsequently, o-anisaldehyde (8.17 g) was dissolved in tetrahydrofuran (150 ml), the 1M cyclopropylmagnesium bro-
mide-tetrahydrofuran solution (90 ml) was added dropwise thereto over 50 min under ice-cooling, and the mixture was
stirred at room temperature for 12 hr. The reaction mixture was ice-cooled, a saturated aqueous ammonium chloride
solution (9 ml) was added, and the reaction mixture was stirred at room temperature for 30 min. The organic layer was
dried over magnesium sulfate and concentrated under reduced pressure. The obtained residue was purified by silica
gel column chromatography (n-hexane:ethyl acetate = 9:1) to give the title compound (6.13 g).

TH-NMR(300MHz, dppm, DMSO-dg) 7.41(1H,d,J=7.8Hz), 7.19(1H,dt,J=1.6, 7.7Hz), 6.92(2H,t,J=7.2Hz), 4.88(1H.d,
J=4.8Hz), 4.55(1H,t,J=5.5Hz), 3.76(3H,s), 1.09-1.00(1H,m), 0.33-0.25(4H,m). MS(ESI,m/z) 161(M+H-H,0)*.
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Step 2
(R)-2-[(Cyclopropyl)(2-methoxyphenyl)methoxymethylJoxirane

[0118]

0/\7
0
OMe

[0119] (Cyclopropyl)(2-methoxyphenyl)methanol (3.57 g) obtained in Step 1 was dissolved in N,N-dimethylforma-
mide (50 ml), sodium hydride (960 mg, 60% oil) was added and the mixture was stirred for 3 min. To the resulting
mixture was added (R)-glycidyl 3-nitrobenzenesulfonate (6.22 g) and the mixture was stirred at room temperature for
12 hr. The reaction mixture was poured into water and extracted with diethyl ether. The organic layer was washed
successively with water and saturated aqueous sodium chloride solution, dried over sodium sulfate, and concentrated
under reduced pressure. The obtained residue was purified by silica gel column chromatography (n-hexane:ethyl ac-
etate=88:12) to give the title compound (1.10 g).

Step 3
2-Methyl-1-(naphthalen-2-yl)-2-nitropropanol

[0120]

Me Me

O,N

OH

[0121] To tetrabutylammonium fluoride 3 hydrate (2.41 g) was added tetrahydrofuran (20 ml) and the mixture was
ice-cooled. To the mixture were added 2-nitropropane (2.7 ml), 2-naphthaldehyde (3.12 g) and triethylamine (2.8 ml)
under an argon atmosphere. To the mixture was added a solution of tert-butyldimethylchlorosilane (4.51 g) in tetrahy-
drofuran (20 ml). The resulting mixture was stirred for 40 min while allowing to warm to room temperature from ice-
cooling. After removing insoluble matter by filtration, the filtrate was poured into a solution (500 ml) of diethyl ether-n-
hexane=1:3 and the mixture was washed twice with water (40 ml). The organic layer was dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The obtained residue was subjected to crystallization from n-hexane
to give the title compound (3.78 g).
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Step 4
2-(1-Chloro-2-methyl-2-nitropropyl)naphthalene

[0122]

cl

[0123] To 2-methyl-1-(naphthalen-2-yl)-2-nitropropanol (1.23 g) obtained in Step 3 was added thionyl chloride (3.1
ml), and the resulting mixture was heated under reflux for 1 hr, and stirred at room temperature for 12 hr. The reaction
mixture was concentrated under reduced pressure and the residue thus obtained was poured into water and extracted
with ethyl acetate. The organic layer was washed successively with water and saturated aqueous sodium hydrogen-
carbonate solution, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The obtained
residue was purified by silica gel column chromatography (n-hexane:ethyl acetate=93:7). Recrystallization from a so-
lution of n-hexane:ethyl acetate=4:1, yielded title compound (776 mg).

Step 5
2-(2-Methyl-2-nitropropyl)naphthalene

[0124]

Me Me.

O,N

[0125] 2-(1-Chloro-2-methyl-2-nitropropyl)naphthalene (200 mg) obtained in Step 4 was dissolved in methanol (5
ml) and ethyl acetate (5 ml) and to the solution was added 10% palladium carbon (20 mg). A hydrogenation was
performed at pressure of 3 atm for 2 hr. After filtration of the reaction mixture using Celite, the title compound (139 mg)
was obtained by purification using silica gel column chromatography (n-hexane:ethyl acetate=95:5).
TH-NMR(300MHz, dppm, CDCl;) 7.85-7.76(3H,m), 7.58(1H,s), 7.50-7.44(2H,m), 7.22(1H,dd,J=1.7, 8.4Hz), 3.37(2H,
s), 1.69(6H,s). MS(APCI,m/z) 183(M+H-NO,)*.

Step 6
[2-Methyl-1-(naphthalen-2-yl)propan-2-ylJamine

[0126]

Me Me

H,N

[0127] Raney nickel W2 (200 mg) was suspended in ethanol (10 ml), to the suspension was added 2-(2-methyl-
2-nitropropyl)naphthalene (134 mg) obtained in Step 5, and hydrogenation was performed at a pressure of 3.5 atom
for 12 hr The reaction mixture was filtered through Celite and concentrated under reduced pressure. The obtained
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residue was subjected to crystallization from ethyl acetate to give the title compound (70 mg).
Step 7
2-Methyl-1-(naphthalen-2-yl)-2-propanol

[0128]

Me Me

" HO

[0129] 2-Methylnaphthalene (7.11 g) was dissolved in tetrahydrofuran (100 ml) and the solution was cooled to -69°C.
To the solution was added dropwise a 1.6M n-butyllithium-tetrahydrofuran solution (34 ml), and then a solution of
acetone (4.41 ml) in tetrahydrofuran (4.41 ml). The reaction mixture was stirred for 12 hr while allowing to warm to
room temperature. To the reaction mixture was added dropwise saturated ammonium chloride solution (6 ml), and the
resulting mixture was poured into water (200 ml) and extracted with diethyl ether. The organic layer was washed with
water, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The obtained residue was
purified by silica gel column chromatography (n-hexane:ethyl acetate=85:15) to give the title compound (3.80 g).

Step 8
N-[2-Methyl-1-(naphthalen-2-yl)propan-2-yllacetamide

[0130]

Me Me

AcHN
[0131] To 2-methyl-1-(naphthalen-2-yl)-2-propanol (500 mg) obtained in Step 7 were added successively acetonitrile
(0.5 ml) and acetic acid (0.5 ml). After ice-cooling the mixture, sulfuric acid (0.5 ml) was added dropwise. The mixture
was stirred under ice-cooling for 20 min and poured into a 1N aqueous sodium hydroxide solution, and the mixture
was extracted with diethyl ether. The organic layer was washed with water, dried over sodium sulfate, and concentrated
under reduced pressure. The obtained residue was subjected to recrystallization from ethyl acetate-n-hexane to give
the title compound (303 mg).
Step 9
[2-Methyl-1-(naphthalen-2-yl)propan-2-ylJamine

[0132]

Me Me

H,N

[0133] To N-[2-methyl-1-(naphthalen-2-yl)propan-2-ylJacetamide (26 mg) obtained in Step 8 was added 6N hydro-
chloric acid (2 ml) and the mixture was heated under reflux for 5 hr. The reaction mixture was poured into water, made

30



10

15

20

25

30

35

40

45

50

55

EP 1 308 436 A1

basic with a 4N aqueous sodium hydroxide solution, and extracted with diethyl ether. The organic layer was washed
with water, dried over potassium carbonate and concentrated under reduced pressure to give the title compound (19

mg).
Step 10
2,2-Dimethyl-3-(naphthalen-2-yl)propionic acid

[0134]

Me Me

'HO,C

2

[0135] A solution of diisopropylamine (576 ml) in tetrahydrofuran (3.5 L) was cooled to -68°C, and a 2.6M n-butyl-
lithium-n-hexane solution (1.5 L) was slowly added under an argon atmosphere. After addition of a solution of isobutyric
acid (181 ml) in hexamethylphosphoramide (340 ml), the reaction mixture was stirred at room temperature for 30 min.
After ice-cooling the mixture, a solution of 2-bromomethylnaphthalene (392 g) in tetrahydrofuran (1 L) was added
dropwise, and the obtained solution was stirred at room temperature for 1 day. The reaction mixture was ice-cooled,
6N hydrochloric acid (665 ml) was added thereto, and the organic layer was separated from the aqueous layer. The
separated organic layer was concentrated under reduced pressure to yield a residue. On the other hand, ethyl acetate
and water were added to an aqueous layer and the organic layer was separated from the aqueous layer. The organic
layer and the aforementioned residue were combined and washed three times with water. The organic layer was ex-
tracted with a solution of sodium hydroxide (80 g) in water (600 ml), and then extracted three times with a 4N aqueous
sodium hydroxide solution (200 ml). The aqueous layer was washed with ethyl acetate, acidified with conc. hydrochloric
acid, and extracted with ethyl acetate. The ethyl acetate layer was washed with aqueous sodium chloride solution,
dried over anhydrous sodium sulfate, and concentrated under reduced pressure to give the title compound (177.5 g).
TH-NMR (300MHz, 8ppm, DMSO-dg) 7.88-7.80(3H,m), 7.66(1H,s), 7.51-7.44(2H,m), 7.33(1H,dd,J=8.4, 1.6Hz), 2.96
(2H,s), 1.13(6H,s).

MS(FAB,m/z) 228(M)*.

Step 11
N-[2-Methyl-1-(naphthalen-2-yl)propan-2-yl]-benzyloxycarboxamide

[0136]

Me Me

BnO,CHN

[0137] 2,2-Dimethyl-3-(naphthalen-2-yl)propionic acid (205.4 g) obtained in Step 10 was dissolved in water (173 ml),
triethylamine (131 ml) and acetone (800 ml), and a solution of ethyl chlorocarbonate (101.5 ml) in acetone (400 ml)
was added under ice-cooling. A solution of sodium azide (73.1 g) in water (400 ml) was added dropwise, and the
reaction mixture was stirred at room temperature for 2 hr. To the reaction mixture were added water (1.5 L) and toluene
(1.2 L), and the organic layer was separated from the aqueous layer. The organic layer was washed twice with water
and three times with a saturated aqueous sodium chloride solution, and dried over anhydrous sodium sulfate. After
the drying agent was filtered off, the filtrate was heated to 100°C over 4 hr under an argon atmosphere, and stirred at
100°C for 1 hr. The reaction mixture was concentrated under reduced pressure and benzyl alcohol (500 ml) was added.
The mixture was stirred at 105°C for 1 day. The reaction mixture was concentrated under reduced pressure, and ethyl
acetate and n-hexane were added to the obtained residue. The solution was treated with activated carbon and con-
centrated under reduced pressure, and the obtained residue was purified by silica gel column chromatography (n-
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hexane:ethyl acetate=20:1) to give the title compound (240.5 g).

TH-NMR(300MHz, 8ppm, CDCl5) 8.83-7.78(1H,m), 7.71-7.66(2H,m), 7.45-7.36(7H,m), 7.22(1H,dd,J=1.6, 8.4Hz), 5.13
(2H,s), 4.54(1H,br s), 3.15(2H,s), 1.34(6H,s).

MS(FAB,m/z) 334(M+H)*.

Step 12
[2-Methyl-1-(naphthalen-2-yl)propan-2-ylJamine

[0138]

Me Me

H,N

[0139] Palladium hydroxide on carbon (19.7 g) was suspended in methanol (500 ml), to the suspension was added
a solution of N-[2-methyl-1-(naphthalen-2-yl)propan-2-yl]-benzyloxycarboxamide (237.6 g) obtained in Step 11 in meth-
anol (2 L), and a hydrogenation reaction was performed at room temperature overnight. After filtration of the reaction
mixture, the filirate was concentrated under reduced pressure. To the obtained residue was added ethyl acetate, and
to the solution was added conc. hydrochloric acid (70 ml) to give crystals. The obtained crystals were suspended in
water, and after an addition of 4N aqueous sodium hydroxide solution (350 ml), the mixture was extracted with ethyl
acetate. The ethyl acetate layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure
to give crystals of the title compound (138 g).

Step 13
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methoxyphenyl)methoxy]propan-2-ol

[0140]

[0141] (R)-2-[(Cyclopropyl)(2-methoxyphenyl)methoxymethyl]-oxirane (703 mg) obtained in Step 2 was dissolved in
ethanol (12 ml). To the solution was added [2-methyl-1-(naphthalen-2-yl)propan-2-ylJamine (120 ml) obtained either
in Step 6, 9 or 12, and the reaction mixture was stirred at 60°C for 20 hr. The reaction mixture was concentrated under
reduced pressure, and the obtained residue was purified by silica gel column chromatography (chloroform:metha-
nol=97:3) to give the title compound (954 mg).

TH-NMR(300MHz, dppm, DMSO-dg) 7.90-7.70(3H,m), 7.67(1H,s), 7.50-7.20(5H,m) 7.00-6.90(2H,m), 4.62(1H,
br s), 4.29(1H,d,J=7.0Hz), 3.77(3H,s), 3.70-3.50(1H,m), 3.30-3.10(2H,m), 2.80-2.50(4H,m), 1.50-0.85(8H,m),
0.50-0.20(4H,m).

MS(APCI,m/z) 433(M+H)*.
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Example 2
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methylphenyl)methoxy]propan-2-ol
Step 1
(Cyclopropyl)(2-methylphenyl)methanol

[0142]

[0143] Employing the same procedure described in Step 1 of Example 1, the title compound (5.36 g) was obtained
using o-tolualdehyde (4.81 g) instead of o-anisaldehyde.

TH-NMR(300MHz, 8ppm, DMSO-dg) 7.43(1H,d,J=7.2Hz), 7.18-7.10(3H,m), 4.95(1H,d,J=4.8Hz), 4.36(1H,dd,J=4.4,
6.5Hz), 2.31(3H,s), 1.20-1.07(1H,m), 0.47-0.20(4H,m).

MS(APCI,m/z) 145(M+H-H,0)*.

Step 2
(R)-2-[(Cyclopropyl)(2-methylphenyl)methoxymethyl]oxirane

[0144]

[0145] Employing the same procedure described in Step 2 of Example 1, the title compound (1.53 g) was obtained
from (cyclopropyl)(2-methylpheny)methanol (3.25 g) obtained in Step 1.

Step 3
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methylpheny)methoxy]propan-2-ol

[0146]
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[0147] Employing the same procedure described in Step 13 of Example 1, the title compound (849 mg) was obtained
from (R)-2-[(cyclopropyl)(2-methylphenyl)methoxymethyl]oxirane (655 mg) obtained in Step 2.
TH-NMR(300MHz, dppm, DMSO-dg) 7.90-7.70(3H,m), 7.67(1H,s), 7.50-7.25(4H,m) 7.20-7.10(3H,m), 4.65(1H,br s),
4.06(1H,d,J=7.4Hz), 3.70-3.50(1H,m), 3.30-3.10(2H,m), 2.80-2.50(4H,m), 2.31(3H,s), 1.50-0.80(8H,m), 0.60-0.10(4H,
m).
MS(APCI,m/z) 417(M+H)*.
Example 3
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(phenyl)methoxy]propan-2-ol
Step 1
(R)-2-[(Cyclopropyl)(phenyl)methoxymethyl]oxirane

[0148]

[0149] In the same manner as in Step 2 of Example 1, the title compound (296 mg) was obtained from a-cyclopro-
pylbenzyl alcohol (740 mg).

Step 2

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(phenyl)methoxy]propan-2-ol

- ‘ : Me Me
| o/.,\l/\N
H
, OH

[0151] In the same manner as in Step 13 of Example 1, the title compound (334 mg) was obtained from (R)-2-[(cy-
clopropyl)(phenyl)methoxymethyl)oxirane (204 mg) obtained in Step 1.

TH-NMR(300MHz, dppm, DMSO-dg) 7.90-7.70(3H,m), 7.67(1H,s), 7.50-7.20(8H,m) 4.65(1H,br s), 3.80-3.50(2H,m),
3.30-3.10(2H,m), 2.80-2.50(4H,m), 1.50-0.80(8H,m), 0.60-0.10(4H,m).

MS(APCI,m/z) 403(M+H)*.

[0150]
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Example 4
(2R)-1-[1,1-Dimethyl-2- (naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)ethoxy]propan-2-ol
Step 1
1-(2-Methoxyphenyl)ethanol

[0152]

Me
OH
OMe

[0153] Lithium aluminum hydride (1.52 g) was suspended in tetrahydrofuran (100 ml), 2'-methoxyacetophenone (2.76
ml) was added under ice-cooling, and the mixture was stirred for 30 min. To the reaction mixture were successively
added water (1.5 ml), 15% aqueous sodium hydroxide solution (1.5 ml) and water (4.5 ml). The organic layer was dried
over magnesium sulfate and concentrated under reduced pressure to give the title compound (3.05 g).

Step 2

(R)-2-[1-(2-Methoxyphenyl)ethoxymethyl]oxirane

[0154]

Me
v
- O
OMe
[0155] Inthe same manner as in Step 2 of Example 1, the title compound (123 mg) was obtained from 1-(2-methox-
yphenyl)ethanol (837 mg) obtained in Step 1.
Step 3

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)ethoxy]propan-2-ol

[0156]
' Me Me Me
O/Y.\N
H
OH
- OMe

[0157] In the same manner as in Step 13 of Example 1, the title compound (148 mg) was obtained from (R)-
2-[1-(2-methoxyphenyl)ethoxymethylJoxirane (115 mg) obtained in Step 2.
TH-NMR(300MHz, dppm, DMSO-dg) 7.85-7.70(3H,m), 7.61(1H,s), 7.50-7.20(5H,m), 7.00-6.80(2H,m), 4.88(1H,q,
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J=6.4Hz), 3.85-3.75(4H,m), 3.45-3.35(2H,m), 2.85-2.60(4H,m), 1.40-1.37(3H,m), 1.10-1.08(6H,m).
MS(APCI,m/z) 408 (M+H)*.

(2R)-1-[1,1-Dimethyl-2- (naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)ethoxy]propan-2-ol hydrochloride

[0158]

-~ Me Me Me

O/Y\N
. H
OH .
OMe ) - HCl

[0159] (2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)ethoxy]propan-2-ol (141 mg)
obtained in Example 4 was dissolved in diethyl ether (5 ml), and 4N hydrogen chloride-ethyl acetate solution was
added. The reaction mixture was concentrated under reduced pressure and diethyl ether (5 ml) was added. The mixture
was concentrated under reduced pressure to give the title compound (154 mg).

TH-NMR(300MHz, dppm, DMSO-dg) 8.91(1H,br s), 8.54(1H,br s), 7.95-7.86(3H,m), 7.67(1H,s), 7.55-7.45(2H,m),
7.40-7.20(3H,m), 7.02-6.93(2H,m), 5.66-5.61(1H,m), 4.90-4.80(1H,m), 4.05-3.95(1H,m), 3.80(3H,s), 3.40-3.10(5H,m),
3.05-2.85(1H,m), 1.32(3H,d,J=6.4Hz), 1.09(6H,s).

MS(APCI,m/z) 408(M+H-HCI)*.

Example 6

(2R)-1- [1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methylphenyl)ethoxy]propan-2-ol

Step 1

1-(2-Methylphenyl)ethanol

[0160]
Me
OH

Me

[0161] In the same manner as in Step 1 of Example 4, the title compound (755 mg) was obtained from 2'-methylac-
etophenone (2.68 g).
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Step 2
(R)-2-[1-(2-Methylphenyl)ethoxymethyl]oxirane

[0162]

Me

’ o)
Me

[0163] Inthe same manner as in Step 2 of Example 1, the title' compound (123 mg) was obtained from 1-(2-methyl-
phenyl)ethanol (749 mg) obtained in Step 1.

Step 3
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methylphenyl)ethoxy]propan-2-ol

[0164]

[0165] In the same manner as in Step 13 of Example 1, the title compound (345 mg) was obtained from (R)-
2-[1-(2-methylphenyl)ethoxymethyl]oxirane (192 mg) obtained in Step 2. 'TH-NMR(300MHz, 8ppm, CDCls;) 7.85-7.70
(3H,m), 7.60(1H,s), 7.50-7.10(7H,m), 4.75-4.65(1H,m), 3.80-3.70(1H,m), 3.40-3.30(2H,m), 2.90-2.60(4H,m), 2.31(3H,
s), 1.39(3H,d,J=6.4Hz), 1.10-1.07(6H,m).

MS(APCI,m/z) 392(M+H)*.

Example 7
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methylphenyl)ethoxy]propan-2-ol hydrochloride

[0166]

Me . HCl

[0167] In the same manner as in Example 5, the title compound (337 mg) was obtained from (2R)-1-[1,1-dimethyl-
2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methylphenyl)ethoxy]propan-2-ol (339 mg) obtained in Example 6.

TH-NMR(300MHz, 8ppm, DMSO-dg) 8.97(1H,br s), 8.56(1H,br s), 7.95-7.85(3H,m), 7.77(1H,s), 7.75-7.65(2H,
m), 7.40-7.32(2H,m), 7.25-7.12(3H,m), 5.66-5.61(1H,m), 4.73(1H,q,J=6.3Hz), 4.10-3.95(1H,br s), 3.40-3.10(5H,m),
3.05-2.90(1H,m), 2.31(3H,s), 1.34(3H,d,J=6.6Hz), 1.27(3H,s), 1.26(3H,s).
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MS(APCI,m/z) 392(M+H-HCI)*.
Example 8
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)propoxy]propan-2-ol
Step 1
1-(2-Methoxyphenyl)propanol

[0168]

Et
"OH

OMe
[0169] o-Anisaldehyde (2.72 g) was dissolved in tetrahydrofuran (50 ml), and 0.93M magnesium ethylbromide -
tetrahydrofuran solution (31.3 ml) was added dropwise under ice-cooling over 10 min. The mixture was stirred at room
temperature for 2 hr. The reaction mixture was ice-cooled, and saturated aqueous ammonium chloride solution (40
ml) and water (40 ml) were added and the mixture was extracted with ethyl acetate. The organic layer was washed
with saturated aqueous sodium chloride solution, dried over magnesium sulfate and concentrated under reduced pres-
sure. The obtained residue was purified by silica gel column chromatography (n-hexane:ethyl acetate=4:1) to give the
titte compound (3.15 g).
Step 2
(R)-2-[1-(2-Methoxyphenyl)propoxymethyl]oxirane

[0170]

Et

N7
0]
OMe

[0171] Inthe same manner as in Step 2 of Example 1, the title compound (264 mg) was obtained from 1-(2-methox-
yphenyl)propanol (831 mg) obtained in Step 1.
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Step 3
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2 methoxyphenyl)propoxy]propan-2-ol

[0172]

[0173] In the same manner as in Step 13 of Example 1, the title compound (403 mg) was obtained from (R)-
2-[1-(2-methoxyphenyl)propoxymethyl]oxirane (264 mg) obtained in Step 2.

TH-NMR (300MHz, ppm, CDCl3) 7.85-7.70(3H,m), 7.61(1H,s), 7.50-7.20(5H,m), 7.00-6.90(1H,m), 6.85-6.75(1H,m),
4.67(1H,t,J=6.3Hz), 3.85-3.70(4H,m), 3.42-3.27(2H,m), 2.90-2.65(6H,m), 1.15-1.05(6H,m), 0.91(3H,t,J=7.4Hz).
MS(APCI,m/z) 422(M+H)*.

Example 9 - Example 20

[0174] In the same manner as in Examples 1-8, the compounds of Example 9 - Example 20 were obtained. They
are shown in Table 1 and Table 2.
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SOt et
CN

TH-NMR(300MHz, & ppm,DMSO-d¢) 7.90
-7.30(11H,m), 4.80~4.60(2H,m), 3.75-3.55(1
H,m) 3.45-3.25(2H,m), 2.80-2.40(4H,m), 1.4
5-1.30(3H,m), 1.05-0.90(6H,m).

MS(APCIm/z) 403QM+H)".

Ex.
10

SanT e
oN .

'H-NMR(300MHz, & ppm,DMSO-d,) 9.03
(1H,br s), 8.61(1H,br's), 7.95-7.70(6H,m),
7.65(1H,t,J=6.4Hz2), 7.60-7.40(3H,m), 7.38(1
H,d,J=8.4Hz) 5.75-5.65(1H,m), 4.90-4.70(1
H,m), 4.15-3.90(1H,m), 3.50-2.80(6H,m), 1.
47(3H,4,J=6.4Hz), 1.07(6H,s).

MS(APCLmz) 403(M+H-HCI)".

Ex.
11

YN @
on H

OMe

'H-NMR(300MHz, & ppm,CDC),)  7.85-7.
70(3H,m), 7.61(1H,s), 7.50-7.20(5H,m), 7.00
-6.80(2H,m), 4.88(1H,q,J=6.4Hz), 3.85-3.75
(4H,m), 3.45-3.35(2H,m), 2.85-2.60(4H,m),
1.40-1.37(3H,m), 1.10-1.08(6H,m).

MS(APCLm/z) 408(M+H)"."

Ex.
12

: f e 0
. o4 H - HCl

M
OMe

'H-NMR(300MHz, 6 ppm,DMSO-d,) 8.99
(1H,br s), 8.56(1H,br s), 7.95-7.85(3H,m),
7.76(1H,s), 7.57-7.47(2H,m), 7.42-7.35(1H,
m), 7.33-7.23(1H,m), 6.95-6.80(3H,m), 5.61- {-
5.65(1H,m), 4.55-4.42(1H,m), 4.10-3.95(1H,
m), 3.76(3H,s), 3.40-3.10(5H,m), 3.00-2.80(1
H.m), 1.37(3H,d)=6.6Hz), 1.09(6H.s).

MS(APCLm/z) 408(M+H-HCI)".

Ex.
13

| E;j:tg/\g:\gadijilnli

'H-NMR(300MHz, 6 ppm,CDCl,) 7.85-7.
70(3H,m), 7.60(1H,s), 7.50-7.40(2H,m), 7.35
-7.15(2H,m), 7.10-7.00(3H,m), 4.454.35(1H,
m), 3.80-3.70(1H,m), 3.35-3.25(2H,m), 2.85-
2.60(4H,m), 2.34(3H,s), 1.43-1.40(3H,m), 1.
10-1.07(6H,m).

MS(APCLm/z) 392(M+H)".

" Ex.
14

oH H - HCl
e

'H-NMR(300MHz, § ppm,DMSO-d;) 9.03
(1H,br s), 8.57(1H,br s), 7.95-7.85(3H,m),
7.76(1H,s), 7.57-1.45(2H,m), 7.41-7.33(1H,
m), 7.30-7.20(1H.m), 7.18-7.07(3H,m), 5.65-
5.62(1H,m), 4.50-4.40(1H,m), 4.08-3.92(1H,
m), 3.40-3.08(5H,m), 3.00-2.80(1H,m), 2.32
(BH.s), 1.36(3H.d,}=6.4Hz), 1.26(6H.5).

MS(APCLm/Z) 392(M+H-HCI)

Ex.
15

©/k"°0/\(\;

JH-NMR(300MHz, & ppm,CDCl;) 7.85-7.
70(3H,m), 7.60(1H,s), 7.50-7.40(2H,m), 7.35
-7.20(6H,m), 4.45-4.35(1H,m), 3.80-3.70(1H,
m), 3.40-3.25(2H,m), 2.90-2.60(4H,m), 1.43
(3H,d,J=6.5Hz), 1.10-1.06(6H,m). '

40

MS(APClm/z) 378(M+H)".
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Ex.
“16

Me

saay

M

"H-NMR(300MHz, 6 ppm,DMSO-d;) 8.99
(1H,br ), 8.56(1H,br s), 7.90-7.87(m,3H), |
7.77(1H,s), 7.55-7.48(2H,m), 7.40-7.27(6H,
m), 5.63(1H,4J=5.1Hz), 4.52-4.48(1H,m), 4.
08-3.93(1H,m), 3.40-2.80(6H,m), 1.37GH4J |
=6.3Hz), 1.27(3H,s), 1.26(3Hys).

MS(APCLm/Z) 378(M+H-HCD)".

Ex.
17

OH

I

H

- HCY

'H-NMR(300MHz, § ppm,DMSO-d) 8.97
(1H,br ), 8.59(1H,br s), 7.95-7.85(3H,m),
7.77(1H,s), 7.57-7.47(2H,m), 7.45-7.22(3H,
m), 7.05-6.95(2H,m), 5.64-5.59(1H,m), 4.66
(1H,t,)=6.0Hz), 4.10-3.95(1H,m), 3.80(3H,s),

3.35-3.10(5H,m), 3.05-2.85(1H,m), 1.70-1.5
5(2H,m), 1.27(6H,s), 0.92-0.82(3H,m).

MS(APClLm/z) 422(M+H-HCI)".

Ex.
18

Et

SRR

5200

'H-NMR(300MHz, § ppm,DMSO-d¢) 9.09
(1H,br s), 8.61(1H,br s), 7.92-7.88(3H,m),
7.78(1H,s), 7.60-7.45(2H,m), 7.40-7.20(6H,
m), 5.65-5.55(1H,m), 4.304.20(1H,m), 4.15-
3.90(1H,m), 3.40-2.80(6H,m), 1.85-1.52(2H,
m), 1.27(6H,s), 0.90-0.75(3H,m).

MS(APCLm/z) 392(M+H-HCI)".

Ex.
19

OH

I

'H-NMR(300MHz, 8 ppm,CDCl;) 7.85-7.
70(3H,m), 7.61(1H,s), 7.50-7.40(2H,m), 7.35
-7.20(6H,m), 4.15-4.05(1H,m), 3.80-3.70(1H,
m), 3.40-3.20(2H,m), 2.90-2.45(5H,m), 2.10-
1.60(6H,m), 1.10-1.00(6H,m).

MS(APCLm/z) 418QM+H)".

Ex.
20

il I

OH

H “HClL

TH-NMR(300MHz, § ppm,DMSOd;) 8.90
(1H,m), 8.56(1H,m), 7.92-7.80(3H,m), 7.77
(1H,s), 7.55-7.45(2H,m), 7.40-7.22(6H,m), 5

'61-5.54(1H,m), 4.26(1H,d,J=8.4Hz), 4.02(]

H,br ), 3.40-2.80(6H,m), 2.05-1.92(2H,m),
1.83-1.60(5H,m), 126(6H.5).
MS(APCLm/z) 418QM+H-HCI)".

Example 21

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-1-(2-methoxyphenyl)ethoxy]propan-2-ol

Step 1

(R) -1- (2-Methoxyphenyl)ethanol

[0175]

LY

Me

OH

-OMe
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[0176] To a solution of (+)-B-chlorodiisopinocampheylborane (10.5 g) in tetrahydrofuran (50 ml) was added dropwise
2'-methoxyacetophenone (10.5 g) at -25°C. The mixture was stirred at -25°C for 1 hr and concentrated under reduced
pressure. To the residue were added diethyl ether (100 ml) and diethanolamine (18.1 g) and the reaction mixture was
stirred at room temperature for 2 hr. The precipitated solid was filtered off. The filtrate was concentrated under reduced
pressure and purified by distillation under reduced pressure (bp 74-77°C/1 mmHg) to give the title compound (8.00 g).
Step 2

(R)-2-[(1R)-1-(2-Methoxyphenyl)ethoxymethylJoxirane

[0177]

Me

v
0
OMe . -

[0178] Inthe same manner as in Step 2 of Example 1, the title compound (930 mg) was obtained from (R)-1-(2-meth-
oxyphenyl)ethanol (1.52 g) obtained in Step 1.

Step 3

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-1-(2-methoxyphenyl)ethoxy]propan-2-ol

Me Me
| O/Y\N
" OH ,
OMe - '
[0180] Inthe same manner as in Step 13 of Example 1, the title compound (770 mg) was obtained from (R)-2=[(1R)-
1-(2-methoxyphenyl)ethoxymethyl]oxirane (417 mg) obtained in Step 2.
TH-NMR(300MHz, 8ppm, CDCls) 7.85-7.70(3H,m), 7.62(1H,s), 7.50-7.20(5H,m), 7.00-6.80(2H,m), 4.88(1H,q,

J=6.5Hz), 3.85-3.75(4H,m), 3.38(2H,d,J=5.1Hz), 2.90-2.60(4H,m), 1.38(3H,d,J=6.6Hz), 1.10(3H,s), 1.07(3H,s).
MS(APCI,m/z) 408(M+H)*.

[0179]

Me
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Example 22
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-1-(2-methoxyphenyl)ethoxy]propan-2-ol hydrochloride

[0181]

Me Me Me

o’/ﬁ\‘I//ﬂ\‘N
H
. OH
OMe ' © HCl

[0182] In the same manner as in Example 5, the title compound (810 mg) was obtained from (2R)-1-[1,1-dimethyl-
2-(naphthalen-2-yl)ethylamino]-3-[(1R)-1-(2-methoxyphenyl)ethoxy]propan-2-ol obtained in Example 21.
TH-NMR(300MHz, 8ppm, DMSO-dg) 8.94(1H,br s), 8.56(1H,br s), 7.95-7.85(3H, m), 7.77(1H,s), 7.57-7.45(2H,m),
7.42-7.20(3H,m), 7.05-6.95(2H,m), 5.61(1H,d,J=4.8Hz), 4.84(1H,q,J=6.3Hz), 4.10-3.95(1H,m), 3.80(3H,s), 3.40-3.10
(5H,m), 3.00-2.85(1H,m), 1.32(3H,d,J=6.3Hz), 1.26(6H,s).

MS(APCI,m/z) 408(M+H-HCI)*.

Example 23

(2R)-1-[1,1-Dimethyl-2- (naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)(2-methylphenyl)methoxy]propan-2-ol
Step 1

N-Methoxy-2, N-dimethylbenzamide

[0183]

[0184] To a solution of o-toluyl chloride (3.09 g) and triethylamine (5.58 ml) in dichloromethane (150 ml) was added
N,O-dimethylhydroxylamine hydrochloride (3.90 g) under ice-cooling and the obtained mixture was stirred at room
temperature for 12 hr. The reaction mixture was concentrated under reduced pressure, and the residue was diluted
with ethyl acetate, washed successively with 1N hydrochloric acid, water, a saturated aqueous sodium hydrogencar-
bonate solution and saturated brine. The organic layer was dried over anhydrous sodium sulfate and concentrated
under reduced pressure to give the title compound (3.58 g).
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Step 2
Cyclopropyl 2-methylphenyl ketone

[0185]

Me

[0186] To a solution of N-methoxy-2,N-dimethylbenzamide (3.55 g) obtained in Step 1 in tetrahydrofuran (40 ml) was
added dropwise a solution (29.7 ml) of 1M cyclopropylmagnesium bromide-tetrahydrofuran under ice-cooling, and the
mixture was stirred at room temperature for 12 hr. To the reaction mixture was added a 4N hydrogen chloride-ethyl
acetate solution (10 ml), and the resulting mixture was concentrated under reduced pressure. The residue was diluted
with ethyl acetate, washed successively with 1N hydrochloric acid, water, saturated sodium hydrogencarbonate and
saturated brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The residue was
purified bysilica gel column chromatography (ethyl acetate:hexane=1:5) to give the title compound (1.05 g).

Step 3
(R) - (Cyclopropyl) (2-methylphenyl)methanol

[0187]

OH

Me

[0188] To a suspension of dichloro[(S)-(-)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl)ruthenium(ll) (851 mg), (1S,
28)-(-)-1,2-diphenylethylenediamine (191 mg) and potassium-tert-butoxide (270 mg) in isopropanol (90 ml) was added
cyclopropyl 2-methylphenyl ketone (9.61 g) obtained in Step 2, and the mixture was hydrogenated at room temperature
and at medium pressure (3.0 kgf/cm?) for 60 hr. The reaction mixture was concentrated under reduced pressure, and
the residue was purified by silica gel column chromatography (ethyl acetate:hexane=1:9) to give the title compound
(6.92 g).

TH-NMR(300MHz, dppm, DMSO-dg) 7.43(1H,d,J=6.8Hz), 7.18-7.09(3H,m), 4.97(1H,d,J=4.6Hz), 4.36(1H,dd,J=4.6,
6.4Hz), 2.30(3H,s), 1.17-1.07(1H,m), 0.41-0.24(4H,m).

MS(APCI,m/z) 145(M+H-H,0)*.
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Step 4
(R)-2-[(1R)-(Cyclopropyl)(2-methylphenyl)methoxymethyl]oxirane

[0189]

[0190] Employing the same procedure described in Step 2 of Example 1, the title compound (1.80 g) was obtained
from (R)-(cyclopropyl)(2-methylphenyl)methanol (3.24 g) obtained in Step 3.

Step 5
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)(2-methylphenyl)methoxy]propan-2-ol

[0191]

[0192] Employing the same procedure described in Step 13 of Example 1, the title compound (1.17g) was obtained
from (R)-2-[(1R)-(cyclopropyl)(2-methylphenyl)methoxymethyl]oxirane (655 mg) obtained in Step 4.
TH-NMR(300MHz, 3ppm, DMSO-dg) 7.90-7.70(3H,m), 7.66(1H,s), 7.50-7.25(4H,m) 7.20-7.10(3H,m), 4.64(1H,br s),
4.06(1H,d,J=7.4Hz), 3.70-3.50(1H,m), 3.30-3.10(2H,m), 2.80-2.50(4H,m), 2.31(3H,s), 1.50-0.85(2H,m), 0.60-0.10(4H,
m)

MS(APCI,m/z) 417(M+H)*.

Example 24

(2R)-1-[1,1-Dimethyl-2- (naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)(2-methoxyphenyl)methoxy]propan-2-ol
Step 1

2,N-Dimethoxy-N-methylbenzamide

[0193]

OMe
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Step 2
Cyclopropyl 2-methoxyphenyl ketone

[0194]

[0195] In the same manner as in Step 1 of Example 23, the title compound (3.56 g) was obtained from 2-methoxy-

benzoyl chloride (3.41 g).

[0196] In the same manner as in Step 2 of Example 23, the title compound (2.27 g) was obtained from 2,N-dimeth-

oxy-N-methylbenzamide (3.55 g) obtained in Step 1.

TH-NMR(300MHz, 5ppm, CDCl,) 7.59(1H,dd,J=7.5, 1.7Hz), 7.48-7.42(1H,m), 7.02-6.97(2H,m), 3.91(3H,s), 2.77-2.68

(1H,m), 1.25-1.20(2H,m), 1.01-0.95(1H,m).
MS(ESI,m/z) 177(M+H)*.

Step 3
(R)-(Cyclopropyl)(2-methoxyphenyl)methanol

[0197]

[0198] In the same manner as in Step 3 of Example 23, the title compound (3.55 g) was obtained from cyclopropyl
2-methoxyphenyl ketone (3.52 g) obtained in Step 2. TH-NMR(300MHz, 3ppm, CDCl3) 7.40(1H,dd,J=1.6, 7.5Hz), 7.26
(1H,dt,J=1.7, 7.8Hz), 7.00-6.89(2H,m), 4.20(1H,br d,J=8.4Hz), 3.87(3H,s) 2.83(1H,br s), 1.42-1.30(1H,m), 0.70-0.61

(1H,m), 0.57-0.44(2H,m), 0.37-0.27(1H,m).
MS(ESI,m/z) 161(M+H-H,0)*.

OMe

TOH

OMe
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Step 4
(R)-2-[(1R)-(Cyclopropyl)(2-methoxyphenyl)methoxymethyl]oxirane

[0199]
.

O
OMe '

[0200] Inthe same manner as in Step 2 of Example 1, the title compound (840 mg) was obtained from (R)-(cyclopro-
pyl)(2-methoxyphenyl)methanol (1.78 g) obtained in Step 3.

Step 5

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)(2-methoxyphenyl)methoxy]propan-2-ol

: ] Me Me
: H ‘
OH :
OMe :

[0202] In the same manner as in Step 13 of Example 1, the title compound (970 mg) was obtained from (R)-2-[(1R)
-(cyclopropyl)(2-methoxyphenyl)methoxymethyl]Joxirane (586 mg) obtained in Step 4.

TH-NMR (300MHz, 8ppm, CDCl3) 7.83-7.70(3H,m), 7.61(1H,s), 7.50-7.37(3H,m), 7.35-7.20(2H,m), 7.00-6.82(2H,m),
4.28(1H,d,J=7.8Hz), 3.83-3.70(4H,m), 3.42-3.30(2H,m), 2.90-2.60(4H,m), 1.25-1.10(7H,m), 0.60-0.50(1H,m),
0.45-0.30(3H,m).

MS(APCI,m/z) 434(M+H)*.

[0201]

Example 25 - Example 56

[0203] Inthe same manner as in Examples 1 - 24, the compounds of Example 25 - Example 56 were obtained. They
are shown in Table 3 - Table 7.
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TEx.
25

i I

ow H - HC1

'H-NMR(300MHz, § ppm,DMSO-dg) 9.02
(1H,brs), 8.57(1H,brs), 7.90-7.85(3H,m), 7.76
(1H,s), 7.55-7.45(2H,m), 7.40-7.15(6H,m), 5.6
2(1H.d J=6.3Hz), 4.51(1H,q,J=6.3Hz), 4.03(1
H,brs), 3.40-3.10(5H,m), 2.95-2.80(1H,m), 1.3
7(1H,d,J=6.3Hz), 1.26(6H,s). ‘ '

MS(APCIL,m/z) 378(M+H-HCI)".

Ex.
26

ow B - HQ

'H-NMR(300MHz, § ppm,DMSO-d,) 9.02
(1H,brs), 8.59(1H,brs), 7.91-7.88(3H,m), 7.77
(1H,s), 7.55-7.48(2H,m), 7.40-7.25(6H,m), 5.6

2-5.57(1H,m), 4.344.31(1H,m), 4.01(1H,brs),
3.35-3.16(SH,m), 3.05-2.80(1H,m), 1.80-1.65(1
H,m), 1.60-1.45(1H,m), 1.40-1.15(8H,m), 0.87
(3H,tJ=7.2Hz).
MS(APCLm/z) 406(M+H-HCI)".

Ex.
27

n-

Cﬁ?ﬁf\:

on M - HC1

'H-NMR(300MHz, é ppm,DMSO-d,) 9.04
(1H,brs), 8.60(1H,brs), 7.90-7.85(3H,m), 7.77
(1H,5), 7.55-7.48(2H,m), 7.40-7.25(6H,m), 5.6
2-5.57(1H.m), 4.354.25(1H,m), 4.02(1H,brs),
3.35-3.10(5H,m), 3.05-2.80(1H,m), 1.80-1.65(1
H.m), 1.60-1.50(1H,m), 1. 40-1 10(10H,m), 0.8

3(3H,tJ=1.2Hz).

MS(APCLm/z) 420M+H-HCI)".

Ex.
28 .

o ._ | .
o’\‘/\::e e O
on H cHCL

'H-NMR(300MHz, § ppm,DMSO-d,) 8.98
(1H.,brs), 8.58(1H,brs), 7.95-7.85(3H,m), 7.77
(1H,s), 7.55-7. 45(2H,m), 7.40-7.25(6H,m), 5.8

$-5.70(1H,m), 5.63-S.58(1H,m), 4.41(1HJ=6.
6Hz), 4.01(1H,brs), 3.40-3.10(8H,m), 3.00-2.8
5(1H,m), 2.45-2.30(1H,m), 1.27(3H,s), 1.26(3
H,s).
MS(APCLm/z) 404M+H-HCI)'.

Ex.
29

O .
A‘A

(2

< HC1

'H-NMR(300MHz, § ppm,DMSO-d,) 8.80
(1H,brs), 8.50(1H,brs), 7.95-7.85(3H.m), 7.76
(1H.s), 7.55-7.45(2H,m), 7.40-7.15(11H,m), 5
65-5.59(1H,m), 4.40-4.30(1H,m), 4.00(1Hbrs),

3.35-3.10(7H,m), 2.75-2.60(1H,m), 2.10-2.00
(1H,m), 2.00-1.80(1H,m), 1.27(3H, s), 1 26(3
H,s). '
MS(APCLm/z) 468(M+H-HC1)’.

Ex.
30

| @rj‘lp:

o ¥ .ma

'H-NMR(300MHz, 6 ppm,DMSO-d¢) 9.00
(1H.brs), 8.58(1H.brs), 7.95-7.85(3H,m), 7.76
(iH.s), 7.55-7.45Q2H,m), 7.40-7.25(6H,m), 6.0
0-5.85(1H.m), 5.67(1H.d,J=3.9Hz), 5.35-5.18(2
H.m), 4.89(1H,dJ=6.6Hz), 4.06(1H.brs), 3.55-
3.95(5H,m), 3.05-2.90(1H,m), 1.22(6H.$).

MS(APCLm/z) 390(M-+H-HCl)".
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Ex.
31

e O

0
"~ on M “ HC1

TH-NMR(300MHz, 5 ppm,DMSO-d) - 8.84
(1H.brs), 8.54(1H,brs), 7.95-7.85(3H,m), 7.77
(1H, s), 7.55-7.45(2H,m), 7.40-7.25(6H,m), 5.
64-5.59(1H,m), 4.604.50(1H,m), 4.02(1H,brs),

3.60-3.10(1 1H,m), 1.26(6H.$).

MS(APCLm/z) 408(M+H-HCI)".

Ex.
32

J4 e

'H-NMR(300MHz, § ppm,DMSO-d,) 8.90
(1H,brs), 8.56(1H,brs), 7.95-7.88(3H,m), 7.77
(1H,s), 7.55-7.45(2H.m), 7. 40-7.20(6H,m), 5.5

7-5.51(1H,m), 4.07-3.90(2H,m), 3.30-3.10(6H,
m), 3.05-2.80(1H,m), 2.20-2.05(1H,m), 1.85-
1.70(1H,m), 1.65-1.35(4H,m), 1.30-1.05(8H,
m). '
MS(APCLm/7) 432(M+H-HCI)".

Ex.
33

'H-NMR(300MHz, 6 ppm,CDCl;) 7.83-7.73
(3H,m), 7.60(1H,s), 7.50-7.40(2H,m), 7.35-7.2
O0(5H,m), 4.41-4.35(1H,m), 3.80-3.65(1H,m),
3.40-3.25(2H,m), 2.95-2.55(4H,m), 1.393H.4,
J=6.5Hz), 1.25-r.10(6H.m).

MS(APCLm/Z) 412M+H)".

Ex.
34

'H-NMR(300MHz, 6§ ppm,DMSO-d,) 8.93

| (1H.brs), 8.55(1H,brs), 7.95-7.85(3H,m), 7.77

(1H,s), 7.60-7.25(5H,m), '5.70-5.65(1H,m), 4.8
7(1H,q4,J=6.6Hz), 4.03(1H,brs), 3.45-3.10(7TH,
m), 3.05-2.90(1H,m}, 1.38(3H,dJ=6.3Hz). 1.2
(6H,s).

MS(APCLm/2) 412('M+H~HC1)

Ex.
35

'H-NMR(300MHz, § ppm,DMSO-d,) 9.00
(1H.brs), 8.57(1H,brs), 7.95-7.85(3H,m), 7.77

‘| (1H,s), 7.55-7.25(5H,m), 5.68-5.63(1H,m), 4.5

4(1H,q,J=6.6Hz), 4.02(1H,brs), 3.45-3.1(7H,
m), 3.05-2.90(1H,m), 1.37(3H, d,J"6 3Hz), 1.2}
7(6H,s). :

MS(APCLm/z) 412(M+H HCI)*.

Ex.
- 36

"H-NMR(300MHz, § ppm,CDCl;) 7.85-7.70
(3H,m), 7.61(1H,s), 7.50-7.40(2H,m), 7.35-7.1
S(5H,m), 3.85(1H,d,J=7.3Hz), 3. 80-3.70(1H,
m), 3.35-3.20(2H,m), 2.90-2.65(4H,m), 2.00-
1.85(2H,m), 1.20-1 .05(6H,m), 0.99-0.97(3H,
m), 0.72-0.63(3H,m).

MS(APCLm/z) 406(M+H)".
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Ex.
37

04 HC1

'H-NMR(300MHz, § ppm,DMSO-d,) 8.90
(1H,brs), 8.50(1H,brs), 7.90-7.80(3H,m), 7.76
(1H,s), 7.55-7.45(2H,m), 7.40-7.35(1H,m), 7.2
5-7.10{4H,m), 5.61(1HtJ=4.8Hz), 4.45(1H,qJ
=6.2Hz), 3.97(1H,brs), 3.40-3.10(5H,m), 3.00-
2.80(1H,m), 2.29(3H,s), 1.35(3H.d,J=6.4Hz),
1.26-1.25(6H,m). .

- MS(APCLm/z) 392(M+H-HCI)*.

Ex.
38

* HC1

'H-NMR(300MHz, § ppm,DMSO-ds)  8.90
(1H.brs), 8.50(1H.brs), 7.95-7.85(3H.m), 7.76
(1H,5), 7.55-7.45(2H,m), 7.40-7.25(6H,m), 5.6
2-5.56(1H,m), 4.40-4.30(1H,m), 4.00(1H,brs),
3.40-3.10(SH.m), 3.05-2.80(1H,m), 1.80-1.60(2
H,m), 1.45-1.20(7H.m), 0.9(6H,d J=6.4Hz).

MS(APCLm/z) 420(M+H-HCl)*.

Ex.
39

Dﬁo«g:e

'H-NMR(300MHz, 8 ppm,CDCl;) 7.85-7.70
(3H,m), 7.76(1H.s), 7.50-7.40(2H,m), 7.30-7.1
O(3H,m), 6.90-6.80(2H,m), 4.40-4.30(1H.m),
3.80-3.65(4H,m), 3.40-3.25(2H.m), 2.90-2.60(4
H,m), 1.41(3H,d,)=6.5Hz), 1.10-1.05(6H,m).

MS(APCLm/z) 408(M+H)".

Ex.
40

AP0

'H-NMR(300MHz, § ppm,DMSO-d,) 8.99
(1H,brs), 8.57(1H,brs), 7.95-7.85(3H,m), 7.76
(1H,5), 7:65-7.45(5H,m), 7.40-7.35(1H,m), 5.7
5-5.65(1H,m), 4.84(1H,q,J=6.2Hz), 4.03(1H,br
s), 3.40-3.10(5H,m), 3.05-2.85(1H, m) 1.37(3
H,dJ=6.4Hz), 1.27(6H,s).

MS(APCLm/z) 446(M+H-HCI)*.

Ex.
41

'H-NMR(300MHz, § ppm,DMSO-d;) 8.90
(1H,brs), 8.55(1H,brs), 7.95-7.85(3H.m), 7.76
(1H,s), 7.55-7.45(4H,m), 7.40-7.30(2H,m), 5.7
0-5.60(1H.m), 5.25(1H.qJ=6.7Hz), 4.05-3.90(1
H,m), 3.40-2.80(6H,m), 1.25(3H,dJ=5.5Hz),
1.26(3H,s), 1.24(3Hs). ~ ,

MS(APCLm/z) 446(M+H-HCI)*.

Ex.
42

'H-NMR(300MHz, § ppm,DMSO-d,) 8.96
(1H.brs), 8.55(1H,brs), 7.95-7.85(3H,m), 7.76
(1H,s), 7.65-7.60(2H,m), 7.55-7.45(2H,m), 7.4
0-7.30(2H,m), 5.69-5.65(1H,m), 4.55(1H,gJ=
6.4Hz), 4.00(1H,brs), 3.45-3.10(5H,m), 3.05-2.
85(1H.m), 1.37(3H,d.J=6.4Hz), 1.26(GH.s).

MS(APCLm/z) 446(M+H-HCI)".
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Ex.
43

SPPLJeS
oY N
(] oH H . HCl

'H-NMR(300MHz, § ppm.DMSO-d,) 8.93
(1H.brs), 8.59(1H,brs), 7.95-7.85(3H.m), 7.77-
7.75(1H,m), 7.60-7.30(6H,m), 5.64-5.61(1H,
m), 5.07(H.1J=8.1Hz), 4.10-3.95(1H,m), 3.40
-3.00(7H.m). 2.90-2.80(1H,m), 2.15-1.80(2H,
m), 1.27-1.25(6H,m), 0.95-0.80(3H.m).

MS(APCLm/z) 460M+H-HCI)".

Ex.

44

YNe . e ' ‘
| e OO
oY N
‘ ¢l OH H . «~ HCl

'H-.NMR(300MHz, 6 ppm,DMSO-ds) 8.95
(1H,brs), 8.60(1H,brs), 7.95-7.85(3H,m), 7.75 ‘
(1H.5), 7.55-7.45(4H.m), 7.40-7.30(2H,m), 5.6
2-5.58(1H,m), 4.74-4.70(1H,m), 4.10-3.90(1H,
m), 3.40-3.00(6H,m), 2.90-2.80(1H,m), 1.30-
1.10(9H,m), 0.67-0.60(3H,m). '

MS(APCLm/z) 474M+H-HCI)".

Ex.

45

/E:j’f;’\r’4$xt;‘l.'Ii

H
o o

'H-NMR(300MHz, 6 ppm,CDCl;) 8.20-8.15
(2H.m), 7.85-7.70(3H,m), 7.60(1H.s), 7.50-7.4
0(4H,m), 7.35-7.25(1H,m), 4.60-4.50(1H,m),
3.80-3.70(1H.m), 3.45-3.30(2H,m), 2.90-2.75(3
H,m), 2.70-2.60(1H,m}), 1.43-141(3H,m), 1.12 |
-1.09(6H,m).

MS(APCLm/AZ) 423(M+H)",

Ex.

46

'H-NMR(300MHz, § ppm,CDCl;)  8.20-8.05
(2H,m), 7.80-7.70(3H,m), 7.65-7.55(2H,m), 7.
50-7.35(3H,m), 7.35-7.25(1H,m), 4.60-4.45(1
H,m), 3.80-3.70(1H,m), 3.50-3.30(ZH,m), 2.90
-2.60(4H.m), 1.45-1.42(3H,m), 1.12-1.09(6H,
m). : -

MS(APCLm/z) - 423(M+H)".

| Ex.
47

17.90-7.70(3H,m), 7.66(1H,d.J=6.8Hz), 7.50-7.2

O(6H,m), 4.65(1H,brs), 4.35(1H,dJ)=9.4Hz), 3.

70-3.50(1H,m), 3.40-3.00(2H,m), 2.80-2.40(4

H,m), 1.80-0.80(8H.m), 0.80-0.10(4H.m).
MS(APCLm/z) 472(M+H)".

Ex.

48

" 'TH-NMR(300MHz, 6 ppm, DMSO-~dg) 7.90
-7.70(3H.m), 7.67(1H,s), 7.50-7.30(3H,m), 7.2
5-7.00(4H,m),- 4.64(1H,brs), 3.70-3.50(2H.m),
3.40-3.10(2H,m), 2.80-2.50(4H,m), 2.30(3H.s),

1.50-0.80(8H,m), 0.60-0.10(4H,m).

MS(APCLm/z) 418(M+H)".

Ex.

49

'"H-NMR(300MHz, 5 ppm, DMSO-dg) 7.90
-7.30(11H.,m), 4.72(1H,brs), 4.10-4.00(1H,m),
3.70-3.55(1H.m), 3.45-3.10(2H,m), 2.80-2.50(4
H,m), 1.50-0.80(8H,m), 0.70-0.20(4H,m).

MS(APCLm/z) 429(M+H)".
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Ex.
50

"ot

cl

e

OH

s

H

'H-NMR(300MHz, § ppm,CDCl;)  7.85-7.70
(3H.m), 7.61(1H,s), 7.50-7.40(2H.m), 7. 35.7.1
0(4H,m), 4.40-4.30(1H,m), 3.80-3. 70(1H,m),
3.40-3. 25(21'1 m), 2.90-2.60(4H,m), 1.41-1 37(3
H,m), 1.12-1,08(6H,m).

MS(APCLm/) 446(M+H)*.

Ex.
51

'H-NMR(300MHz, & ppm,CDCl)  7.85-7.70
(GH,m), 7.60(1H,s), 7.50-7.40(2H,m), 7.35-7.1
S(2H.m), 7.10-7.003H,m), 4.15-4.05(1H,m),
3.80-3.70(1H.m), 3.45-3.25(2H,m), 2.90-2.60(4
Hm), 2.34(3H.s). 1.90-1.602H,m), 1.15-1.05
(6H.m), 0.85(3H LI=7.4Hz).

MS(APCLm/z) 406(M+H)".

Ex.
52

'H-NMR(300MHz, § ppm,CDCl;) 7.85-7.70
(3H,m), 7.61H.s), 7.50-7.40(2H,m), 7.35-7.0
5(SH,m), 4.50-4.40(1H,m), 3.80-3.70(1H,m),
3.40-3.20(2H,m), 2.90-2.60(4H,m), 2.31(3H,s),

1.80-1.60(2H,m), 1.15-1.05(6H, m). 0.92(3H.t,

| 1=7.2Hz).

MS(APCLm/z) 406(M+H)".

Ex.
53

'H-NMR(300MHz, § ppm, DMSO-dg) 7.90
-7.64(4H,m), 7.50-7.30(3H.m), 7.25-7.05(4H,
m), 4.61(1H brs), 4.504,40(1H,m), 3.75-3.60

‘(1H,m), 3.17(2H,dJ=5.7Hz), 2.85-2.45(4H.m),

2.31(3H,s), 1.95-1.50(6H,m), 1.45-0. 90(7H
m).

MS(APCLm/z) 4320M+HY"..

Ex.
54

'H-NMR(300MHz, § ppm, DMSO-d;) 7.90
-7.70(3H.m), 7.68(1H,s), 7.50-7.10(SH.m), 7.0
0-6.80(2H.m), 4.70-4.50(2H,m), 3.78(3H.s), 3.
70-3.50(1H,m), 2.85-2.50(4H,m), 1.95-1.50(6
H,m), 1.45-0.90(7H,m).

MS(APCLm/z) 448(M+H)'.

Ex.
55

'H-NMR(300MHz, 6 ppm, DMSO-d,) 7.9
27.70(3H,m), 7.67(1H.s), 7.50-7.25(4H.m), 7.2
0-7.10(3H,m), 4.65(1H,brs), 4.06(1H, dJ=7.4H
z), 3.70-3.50(1H,m), 3.30-3.10(2H.m), 2.80-2.

| 50(4H,m), 2.31(3H,s), 1.50-0.80(8H,m), 060-

0.10(4H,m).
MS(APCLm/z) 4] 8(M+H)*

Ex.
56

'H-NMR(300MHz, 6 ppm,CDCl;)  7.85-7.70
(H,m), 7.61(1H.s), 7.50-7.40(3H,m), 7.35-7.2
O(2H,m), 7.00-6.802H,m), 4.27(1H,dJ=7.5H
2), 3.85-3.75(4H,m), 3.50-3.30(2H,m), 2.85-2.
65(4H,m), 1.25-1.00(7H,m), 0.60-0.50(H,m),

.| 0.45-0.30(3H,m).

52
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Example 57
(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-hydroxymethylphenyl)methoxy]propan-2-ol
Step 1
2-Bromo-1-(tert-butyldimethylsilyloxymethyl)benzene

[0204]
Br
O-S_iMezt4Bu

[0205] 2-Bromobenzyl alcohol (25.0 g) was dissolved in N,N-dimethylformamide (150 ml) and imidazole (20.0 g) and
tert-butyldimethylchlorosilane (22.2 g) were added. The reaction mixture was stirred at room temperature for 2 hr. The
reaction mixture was poured into 5% aqueous sodium hydrogencarbonate solution and extracted with ethyl acetate.
The organic layer was washed successively with 5% aqueous sodium hydrogencarbonate solution, water and saturated
aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and concentrated under reduced pressure to
give the title compound (40.9 g).

Step 2
(Cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenyllmethanol

[0206]

OH
O-SiMe,t-Bu

[0207] Magnesium (2.20 g) was suspended in tetrahydrofuran (4 ml) and iodine (2 mg) was added. Thereto was
added dropwise a solution of 2-bromo-1-(tert-butyldimethylsilyloxymethyl)benzene (24.0 g) obtained in Step 1 in tet-
rahydrofuran (10 ml) over 30 min and the reaction mixture was heated under reflux for 1 hr. Thereto was added tet-
rahydrofuran to give 1M 2-(tert-butyldimethylsilyloxymethyl)phenylmagnesium bromide-tetrahydrofuran solution. Then
cyclopropanecarboxaldehyde (2.80 g) was dissolved in tetrahydrofuran (120 ml), and 1M 2-(tert-butyldimethylsily-
loxymethyl)phenylmagnesium bromide-tetrahydrofuran solution (80 ml) was added dropwise under ice-cooling over
50 min. The reaction mixture was stirred at room temperature for 12 hr. To the reaction mixture was added saturated
aqueous ammonium chloride solution (8 ml) under ice-cooling and the reaction mixture was stirred at room temperature
for 30 min. The reaction mixture was dried over anhydrous magnesium sulfate and concentrated under reduced pres-
sure. The obtained residue was purified by silica gel column chromatography (n-hexane:ethyl acetate=95:5) to give
the title compound (8.20 g).

TH-NMR(300MHz, 8ppm, DMSO-dg) 7.53-7.34(2H,m), 7.25-7.20(2H,m), 4.91(1H,d,J=4.6Hz), 4.81(2H,s), 4.31(1H,dd,
J=4.7, 6.5Hz), 1.20-1.10(1H,m), 0.91(9H,s), 0.47-0.23(4H,m), 0.10(3H,s), 0.08(3H,s).

MS(APCI,m/z) 275(M+H-H,0)*.
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Step 3
(R)-2-[(Cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenyllmethoxymethyl]oxirane

[0208]
\/
o/”\*<il
0-S iMezt-Bu :

[0209] In the same manner as in Step 2 of Example 1, the title compound (1.04 g) was obtained from (cyclopropyl)
[2-(tert-butyldimethylsilyloxymethyl)phenyllmethanol (2.11 g) obtained in Step 2.
Step 4

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenyl]

methoxy]propan-2-ol
© Me Me
Yy
OR

 0-SiMe,t-~Bu

[0210]

[0211] In the same manner as in Step 13 of Example 1, the title compound (345 mg) was obtained from (R)-2-[(cy-
clopropyl)(2-tert-butyldimethylsilyloxymethylphenyl)methoxymethyl]oxirane (546 mg) obtained in Step 3.

Step 5

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)[2-(hydroxymethyl)phenylJmethoxy]propan-2-ol

’ Me Me
- H
: OH OH

[0213] (2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-
phenylmethoxypropan-2-ol (365 mg) obtained in Step 4 was dissolved in tetrahydrofuran (4 ml) and tetrabutylammo-
nium fluoride-1M tetrahydrofuran solution (0.73 ml) was added under ice-cooling. The mixture was stirred at room

[0212]
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temperature for 4 hr. To the reaction mixture was added saturated aqueous ammonium chloride solution (1 ml). The
reaction mixture was poured into water and extracted with ethyl acetate. The organic layer was washed successively
with water and saturated brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. The
obtained residue was purified by silica gel column chromatography (ethyl acetate:methanol=98:2) to give the title com-
pound (221 mg).

TH-NMR(300MHz, dppm, DMSO-dg) 7.90-7.70(3H,m), 7.67(1H,s), 7.50-7.20(7H,m), 5.13(1H,brs), 4.90-4.40(3H,m),
4.20-4.05(1H,m), 3.70-3.50(1H,m), 3.30-3.10(2H,m), 2.80-2.50(4H,m), 1.40-0.85(7H,m), 0.60-0.10(4H,m).
MS(APCI,m/z) 434(N+H)*.

Example 58

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)[2-(hydroxymethyl)phenyl]methoxy]
propan-2-ol hemifumarate

Step 1
2-tert-Butyldimethylsilyloxymethyl-N-methoxy-N-methylbenzamide

[0214]

I\lJ,OMe
Me
'O—SiMezt—Bu

[0215] To a solution of phthalide' (26.8 g) in methylene chloride (600 ml) were successively added N,O-dimethylhy-
droxylamine hydrochloride (58.5 g) and aluminum chloride (40.0 g) under ice-cooling, and triethylamine (139 ml) was
added dropwise over 40 min. The mixture was stirred at room temperature for 12 hr. The reaction mixture was poured
into diluted hydrochloric acid, and the organic layer was washed successively with water and saturated brine, dried
over anhydrous magnesium sulfate, and concentrated under reduced pressure to give 2-hydroxymethyl-N-methoxy-N-
methylbenzamide. The obtained 2-hydroxymethyl-N-methoxy-N-methylbenzamide was dissolved in N,N-dimethylfor-
mamide (300 ml), and imidazole (9.53 g) and tert-butyldimethylchlorosilane (21,1 g) were added. The mixture was
stirred at room temperature for 3.5 hr and the reaction mixture was poured into water and extracted with ethyl acetate.
The organic layer was washed successively with water and saturated brine, dried over anhydrous sodium sulfate, and
concentration under reduced pressure. The obtained residue was purified by silica gel column chromatography (ethyl
acetate:hexane=1:3) to give the title compound (42.0 g).

Step 2
(Cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenyllmethanone

[0216]

0
O—SiMezt—Bu

[0217] In the same manner as in Step 2 of Example 23, the title compound (18.4 g) was obtained from 2-tert-butyld-
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imethylsilyloxymethyl-N-methoxy-N-methylbenzamide (21.7 g) obtained in Step 1.
TH-NMR(300MHz, 8ppm, CDCl3) 7.88 (1H,dd,J=1.1, 7.7Hz), 7.78(1H,d,J=7.3Hz), 7.53(1H,dt,J=1.2, 7.6Hz), 7.35(1H,
t,J=7.2Hz), 4.97(2H,s), 2.57-2.48(1H,m), 1.24-1.20(2H,m), 1.06-1.01(2H,m), 0.95(9H,s), 0.11(6H,s).

Step 3
(R)-(Cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenyl)methanol

[0218]

“OH |
O—SiMezt—Bu

[0219] To a suspension of dichloro[(S)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl][(S)-1,1'-bis(p-methoxyphenyl)-
2-isopropylethane-1,2-diamine]ruthenium (ll) (111 mg) and potassium-tert-butoxide (44.9 mg) in isopropanol (100 ml)
was added (cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)phenyllmethanone (5.81 g) obtained in Step 2, and the
mixture was subjected to medium pressure hydrogenation (5.0 kgf/cm2) at room temperature for 36 hr. The reaction
mixture was concentrated under reduced pressure, and the residue was purified by silica gel column chromatography
(ethyl acetate:hexane=1:5) to give the title compound (5.82 g).

TH-NMR (300MHz, 8ppm, DMSO-dg) 7.49-7.46(1H,m) 7.39-7.37(1H,m), 7.25-7.22(2H,m), 4.99(1H,br s), 4.81(2H,s),
4.32(1H,d,J=6.3Hz), 1,32-1.09(1H,m), 0.91(9H,s), 0.49-0.22(4H,m), 0.10(3H,s), 0.08(3H,s).

MS(ESI,m/z) 275 (M+H-H,0)*.

Step 4
(R)-2-[(1R)-(Cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenylimethoxymethyl]oxirane

[0220]

o’/ﬂ\5%<fl
O—SiMezt—Bu

[0221] Inthe same manner as in Step 2 of Example 1, the title compound (2.52 g) was obtained from (R)-(cyclopropyl)
[2-(tert-butyldimethylsilyloxymethyl)phenyllmethanol (2.92 g) obtained in Step 3.
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Step 5

(2R) -1- [1, 1-Dimethyl-2- (naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-
phenyllmethoxypropan-2-ol

‘ o Me Me
. O/Y\N
B
| OH

0-5 iMez-t—Bu '

[0222]

[0223] In the same manner as in Step 13 of Example 1, the title' compound (1.79 g) was obtained from (R)-2-[(1R)
-(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenylJmethoxymethyl]oxirane (1.22 g) obtained in Step 4.

Step 6

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)[2-(hydroxymethyl)phenyllmethoxy]

propan-2-ol
' Me Me
. 0/\‘/\1\7
' H .
OH OH :

[0225] In the same manner as in Step 5 of Example 57, the title compound (710 mg) was obtained from (2R)-
1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino)-3-[(1R)-(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)phenyl]
methoxypropan-2-ol (1.70 g) obtained in Step 5.

[0224]

Step 7

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)[2-(hydroxymethyl)phenylJmethoxy]
propan-2-ol hemifumarate

[0226]

Me Me

L2

_\_CO,H
12 moc” 2
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[0227] (2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1R)-(cyclopropyl)[2-(hydroxymethyl)phenyllmeth-
oxy]propan-2-ol (700 mg) obtained in Step 6 was dissolved in methanol (15 ml), and fumaric acid (94 mg) was added.
The mixture was stirred for 30 min. The reaction mixture was concentrated under reduced pressure, and ether was
added to the residue. The precipitated solid was collected by filtration to give the title compound (720 mg). 'H-NMR
(300MHz, 6ppm, DMSO-dg) 7.95-7.85(3H,m), 7.73(1H,s), 7.55-7.20(7H,m), 6.51(1H,s), 4.63(1H,d,J=13.2Hz), 4.56
(1H,d,J=13.2Hz), 4.13(1H,d,J=7.5Hz), 3.90-3.80(1H,brs), 3.40-3.15(2H,m), 3.05-2.95(3H,m), 2.80-2.65(1H,m),
1.20-1.00(7H,m), 0.60-0.20(4H,m).

MS(ESI,m/z) 434(M+H-1/2C4R40,4)*.

Example 59

(2R)-2-[1,1-Dimethyl-2-[naphthalen-2-yl)ethylamino]-3-[(1S)-(cyclopropyl)[2-(hydroxymethyl)phenyllmethoxy]propan-
2-ol hemifumarate

Step 1
(S)-(Cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenylJmethanol

[0228]

.u.”<<:]'

OH
0-8 il—*de2 t-Bu

[0229] To a suspension of dichloro[(R)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl][(R)-1,1'-bis(pmethoxyphenyl)-
2-isopropylethane-1,2-diamine]ruthenium (1) (111 mg) and potassium-tert-butoxide (44.9 mg) in isopropanol (100 ml)
was added (cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)phenyllmethanone (5.81 g) obtained in Step 2 of Example
58, and the mixture was subjected to medium pressure hydrogenation (5.0 kgf/cm2) at room temperature for 36 hr.
The reaction mixture was concentrated under reduced pressure, and the residue was purified by silica gel column
chromatography (ethyl acetate:hexane=1:5) to give the title compound (5.50 g).

TH-NMR (300MHz, 8ppm, DMSO-dg) 7.49-7.46(1H,m) , 7.40-7.37(1H,m), 7.22-7.20(2H,m), 4.99(1H,d,J=4.2Hz), 4.81
(2H,s), 4.31(1H,dd,J=4.5, 6.6Hz), 1.20-1.09(1H,m), 0.91(9H,s), 0.47-0.21(4H,m), 0.10(3H,s), 0.08(3H,s).
MS(ESI,m/z) 275(M+H-H,0)*.

Step 2
(R)-2-[(1S)-(Cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenyllmethoxymethylJoxirane

[0230]

.”."<<:],

o/\<(1)

0-SiMe,t-Bu

[0231] Inthe same manner as in Step 2 of Example 1, the title compound (2.62 g) was obtained from (S)-(cyclopropyl)
[2-(tert-butyldimethylsilyloxymethyl)phenyllmethanol (2.92 g) obtained in Step 1.
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Step 3

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1S)-(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-
phenyl]methoxy]propan-2-ol

[0232]

Me Me

Yy
: " H

OB

G

Oo-s iMezt‘—Bu
[0233] In the same manner as in Step 13 of Example 1, the title compound (1.80 g) was obtained from (R)-2-[(1S)
-(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)-phenyllmethoxymethyl]oxirane (1.22 g) obtained in Step 2.
Step 4

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1S)-(cyclopropyl)[2-(hydroxymethyl)phenyl]methoxy]propan-
2-ol

[0234]

OH OH

[0235] In the same manner as in Step 5 of Example 57, the title compound (1.26 g) was obtained from (2R)-
1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1S)-(cyclopropyl)[2-(tert-butyldimethylsilyloxymethyl)phenyl]meth-
oxy]propan-2-ol (1.70 g) obtained in Step 3.

Step 5

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(1S)-(cyclopropyl)[2-(hydroxymethyl)phenylJmethoxy]propan-
2-ol hemifumarate

[0236]

o Me Me

©CO/Y\N
, H :
' OR OH
. _CO.H
' ‘ | .12 HOZC/\/ 2
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[0237] In the same manner as in Step 7 of Example 58, the title compound (1.33 g) was obtained from (2R)-
1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino)-3-[(1S)-(cyclopropyl)[2-(hydroxymethyl)phenylJmethoxy]propan-2-ol
(1.25 g) obtained in Step 4.

TH-NMR(300MHz, 8ppm, DMSO-dg) 7.90-7.80(3H,m), 7.71(1H,s), 7.50-7.20(7H,m), 6.48(1H,s), 4.63(1H,d,J=13.2Hz),
4.56(1H,d,J=13.2Hz), 4.12(1H,d,J=7.8Hz), 3.80-3.70(1H,brs), 3.35-3.15(2H,m), 2.95-2.85(3H,m), 2.80-2.65(1H,m),
1.20-1.00(7H,m), 0.60-0.20(4H,m).

MS(ESI,m/z) 434(M+H-1/2C4H,0,4)*.

Example 60 - Example 160

[0238] In the same manner as in Examples 1 - 59, the compounds of Example 60 - Example 160 were obtained.
They are shown in
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Table 8 - Table 23.

" Table 8

'H-NMR (300MHz , Sppm, DMSO-dg)

7.95<7.75(3H,m), 7.71(1H,s),
7.55-7.45(2H,m), 7.40-
. Me M 7.20(3H,m), 7.05-6.90(2H,m),
6.48(1H,s), 4.B0(lH,q,J=6.4Hz),
Ex. @LO/Y\S 3.90-3.70 (4K,m), 3.40- :
60 ome OB 3.20(2H,m), 3.00-2.80(3H,m),
x.COH ]2.75-2.60(18,m),
+1/2 HO.CT Y2 1.28(3H,d,J=6.4Hz), 1.15-
1.85(6H,m) .
MS (APCI,m/z) 408 (M+H-
1/2C4H04) ",
’H-NMR (300MHz , O5ppm, CDCl3)
o ‘ 7.95-7.75(3H,m), 7.71(1H,s),
M 7.60-7.15(5H,m), 7.05-
6.85(2H,m), 6.4B(1H,s),
Ex. O’A\r/\g |4.29(18,d,3=7.2Hz), 3.85-
| 61 oMe OH | 3.70(4H,m), 3.40-3.10(2H,m),
L 1/2 A~ CO,H 3.00-2.80(4R,m), 2.75~- .
/< HO,C 27 12.60(1H,m), 1.20-1.00(7H,m),
0.60-0.20 (4H,m) .
MS (APCI,m/z) 434 (M+H-
1/2C4H,04)".
S *H-NMR (300MHz , Sppm, DMSO-dg¢)
' ‘ 7.90-7.80(3H,m), 7.71(1H,s),
M 7.60-7.25(4H,m) , 7.20-
7.10(3H,m), 6.49 (1H,s),
Ex. . 4.09(1H,d,J=7.5Hz), A
62" oy B o g.gg(;ﬂégfz), ?.42—3510(2H,m),
’ . X C .00-2. H,m), 2.75-
1/2 HO,C Y2 2.60(1H,m), 2.32(3H,s), 1.25-
, 1.00(7H,m), 0.60-0.10(4H,m).
: : MS (APCI,m/z) 418 (M+H- '
1/2C,H, 00", ‘
'H-NMR (300MHz , Sppm, DMSO-ds)
9.00(1H,bs), 8.57(1H,bs), 7.95-
7.85(3H,m), 7.62(1H,s), 7.65-
e Me, Me OO 7.35(6H.m), 5.75-5.65(1H,m),
Ex. 0 N 4.95-4.85(1H,m), 4.10~
63 , ©On H 4.00(18,m), 3.50~3.30(2H,m),
I . 5el 3.30-3.10(38,m), 3.05- .
2.90(1H,m), 1.39(3H,d,J=6.4Hz),
1.27 (6H,s) . ‘ o
MS (APCI,m/z) 446 (M+H~-HC1)®.
. - | *R-NMR(300MHz,Sppm, DMSO~-ds)
~ B.9B(1H,bs), 8.57(1H,bs), 7.95-
: . 7.85(3H,m), 7.59(1H,s), 7.60-
U M 7.45(4H,m), 7.45-7.35(28,m),
Ex. oYY 5.80-5.65(1H,m), 4.85- ‘
64 cy COH . HEL 4.75(1H,m), 4.10-4.00(1H.m),
: : 3.50-3.30(2H,m), 3.25-
3.10(3H,m), 3.05-2.90(1H,m),
1.40-1.35(3H,m)}, 1.27(6H,s).

MS (APCI,m/z) 446 (M+H-HC1)".

61
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Ex.

65

W s 3o Ww

'H~NMR (300MHz , Sppm, DMSO-ds)

.50~B.40 (1H,m) ,
.05-4.90 (18,m) ,

.50-3.40 (1B, m),

.33 (1H,bs), 8.85-8.65(2H,m),
8.
.70 (6H,m}, 7.60-7.
4,
.10(1H,m), 3.70-3.
3.
.15(38,m), 3.10-2.
.53 (3H4,d,J=6.6Hz),
MS (APCI,m/z) 379 (M+H-2HCl)*.

05-
35(3H,m),
20-
55(2H,m),
30-
85(1H,m),
1.29(6H,s) .
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Ex.

66

Me

- RCl

on B
OEt

*H-NMR (300MHz , Sppm, DMSO-d¢)

.94 (1H,bs), B.56(1H,bs), 7.95-
.85(3H,m), 7.77(iH,s), 7.55-
.45(2H,m), 7.40-7.20(3H,m), .
.05-6.90(2H,m) ,
.61(1H,d,J=4.8Hz),
.B4(1H,dd,J=8.5,6.3Hz}, 4.10~
.00 (l1H,m), 3.80(3H,s), 3.45-
.10(54,m), 3.00-2.8B5(1H,m),
.32(3H,d,J=6.3H2), 1.26(6H,s).
MS (APCI,m/z) 408 (M+H-HCY)*.

Wb U~ o

Ex.

67

Me

CLo
OMe OH » )

- RCl

*H-NMR (300MHz , Sppm, DMSO-ds)
B.87 (1H,bs), 8.53(1H,bs), 7.95~
7.85(3H,m), 7.77(1H,s), 7.55-
7.45(2H,m), 7.45-7.35(2H,m),
7.30-7.20(1H,m), 7.05- ,
6.90(2H,m), 5.64(1H,d,J=4.8Hz),
4.84(1H,dd,J=5.6,6.3Hz), 4.05~
3.95(1H,m), 3.80(3H,s), 3.40-
3.30(2H,m), 3.25-3.10(3H,m),
3.10-2.95(1H,m}, -
1.32(38,d,J=6.6Hz), 1.27(6H,s).
MS (APCI,m/z) 408 (M+B-HCl)"*.

Ex.

68

O H N WE

H-NMR (300MHz , Sppm, DMSO~ds)
.90-7.70(3H,m), 7.67(1H,s),
.50-7.25(4R,m), 7.20-.
.10(3H,m), 4.65(1RH,brs),
.06 (18,d,J=7.4Hz), 3.70-
.50(1H,m), 3.30-3.10(2H,m),
.80-2:50(4H,m), 2.31(3H,s),
.50-0.80(8H,m), 0.60-
.10 (4H,m) .

MS (APCI,m/z) 41B(M+H)".

Ex.

69

'H~NMR (300MHz , Sppm, CDC13) 7. 90~
7.20(11H,m), 4.B2(1H,d,J=7.3Hz),
3.88(3H,s), 3.95~3.70(1H,m),
3.55~3.20(2H,m), 2.90~
2.60(4H,m), 1.30-1.00(7H,m),
0.70-0.30(4H,m),

MS(ESI,m/z) 462 (M+H)",

Ex.
70

N WS > Joo

’H-NMR (300MHz , Sppm, CDC13) 8.10-"
.00(2H,m), 7.85~7.70(3H,m),

.60 (1H,s), 7.50-7.20(5H,m),:
.55-4.45(1H,m),
.37(2H,dd,J=10.7,5.9H2), 3.85-
.70 (1H,m), 3.40-3.25(2H,m),
.90-2.55(4H,m), 1.45- :
.35(6H,m), 1.10-1.00(6H,m).

MS (APCI,m/z) 450 (M+R)".

Ex.

71

OMe

=N W o

'H-NMR (300MHz , Sppm, DMSO-ds) . -
.40-7.00 (6H,m), ‘

.83 (2H,d,J=8.5Hz),
.08B(1H,d,J=7.5Hz), 3.80-

.60 (4H,m), 3.40-3.10(2H,m),
.80-2.50(4H,m), 2.32(3H,s),
.30-0.80(7H,m), 0.60~.

63
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0.15(4KR,m) . t
MS (ESI,m/z) 398 (M+H)".

*H-NMR (300MHz , Sppm, CDCl3) 8.05-
.00(2Rm) , 7.85-7.70(3H,m),
.61(1H,s), 7.50-7.25(5H,m),
.91(3H,s), 3.90-3.70(2H,m),
.45-3.30(2H,m), 2.90-

ee
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.65-0.55(1H,m),

O ONWWI

.60(4H,m), 1.15-1.
0.
.35(2H,m), 0.30-0.

00(7H,m) ,
50-
20 (1H,m).

MS (ESI,m/z) 462 (M+H)".
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.60(1H,m), 0.50-0.40(2H,m),
.30-0.20(1H,m) .

Table 10
. *BE-NMR (400MHz , Oppm, CDC13) 7.B5-
© 17.70(38,m), 7.61(1H,s), 7.50-
- ‘ 7.20(78,m), 4.67(2R,d,J=4.4Hz),
1Ex. M 3.80-3.65(2H,m), 3.45-
2 o 3.30(2H,m), 2.90-2.60(4H,m),
3. HO /\g;\g 1.20-1.00(7H,m), 0.65-
0
0

MS (ESI,m/z) 434 (M+H)*,

Ex.

74

Co,Me

*H-NMR (300MHz , Oppm, CDCl3) 8.00-

CONWWI

.90 (2H,m), 7.85-7.70(3H,m},
.61(1H,s), 7.55-7.25(5H,m),
.91(3H,s), 3.B5-3.70(2H,m),
.50-3.30(2H,m), 2.90-
.60(48,m), 1.20-1.00(78,m),
.65-0.55({1H,m), 0.50~ .
.40 (2H,m), 0.30-0.20(1H,m).

" MS{ESI,m/z) 462 (M+H)".

Ex.

75

o”\j/’:;?y&j:lillnl!i

o B

HO

14-NMR (300MHz , ppm, CDC13) -7.85~

OO HWWI

.70(3H,m), 7.61(1H,s), 7.50-
.15(7H,m), 4.69(2H,d,J=3.5Hz),
.B0-3.60(2H,m), 3.45-
.35(2H,m), 2.90-2.70(4H,m),
.20-1.00(7H,m), 0.70-
.55(1H,m), 0.50-0.40(2H,m),
.30-0.20 (1H,m) .

MS (ESI,m/z) 434 (M+H)".~

Ex.

76

'Y e
oY
-~ om B

CO,H ‘

'H-NMR (300MHz , Sppm, DMSO-d¢) -

8.
7.
2.
0.

00~-7.80(5H,m), 7.79(1H,s),
60-7.30(5H,m), 3.90- '
60(BH,m), 1.20-1.00(7H,m),
60-0.20(4H,m) .

MS(ESI,m/z) 448(M+R)".

 Ex.

77

Br OMe

'H~NMR (300MHz , Sppm, CDC13) 7.80-

QO+ WWhn I

.70(38,m), 7.61(1H,s), 7.50-
.20(5H,m), 6.80-6.70(1H,m),
.22 (1R,d,J=7.8Hz), 3.85-

.70 (4H,m) , 3.50-3.30(2H,m),
.00-2.60(4H,m), 1.20- ‘
.00 (7H,m), 0.60-~0.50(1H,m),
.60-0.50(1H,m), 0.50-
.30(38,m) . '

MS (ESI,m/z) 513 (M+H)".

{Ex.

78

" omn B _
NBAc

*H-NMR (300MHz , Sppm, CDCls) 7.83~

FNNWD N

.74 (3H,m), 7.61(1H,brs), 7.48-
.41(4H,m), 7.32-7.19(3H,m),
.02-6.99 (1H,m), 4.41~ )
.39(1H,m), 3.80-3.70(1H,m),
.38~3.34(2H,m), 2.B7-

.81 (3H,m), 2.70~2.60(1H,m),
.15(3H,s), 1.43~1.37(3H,m),
.12~1.08 (6H,m) .

MS (ESI,m/z) 435 (M+H)".
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Ex.

79

'H~NMR (300MHz, Sppm, CDCls) 7.80-
.74 (3H,m), 7.65-7.60(1H,m),
.46-7.43(2H,m), 7.30-

.19 (2H,m), 6.66-6.63(3H,m),
.37-4.35(1H,m), 3.B5-
.75(1H,m), 3.40-3.34(2H.m),
.95(6H,s), 2.98-2.60(4H,m),
.44-1.40(3H,m), 1.12- -
.0B{(6H,m) .

MS (ESI,m/z) 421.(M+H)".

Laadi ol SN I U REV S I PN
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Table 11

Ex.

80

H,N oY N ’

on ®

" 'H-NMR (300MHz , Sppm, CDCl3) 7.90-

.70(58,m), 7.60(1H,s), 7.50-
.20(5H,m), 6.30(1H,bs),
.70(1H,bs), 3.85-3.70(2H,m),
.50-3.30(2R,m), 2.90~
.60(4H,m), 1.20-1.00(78,m),
.70-0.60(1H,m), 0.55-

.40 (2H,m), 0.35-0.25(1H,m).
MS (ESI,m/z) 447 (M+R)".

O O N WL VU

Ex. .

81

c1 o

'H-NMR (300MHz , Sppm, DMSO~dg)
8.05-7.30(10H,m), 4.71(1H,brs),
3.90-3.80(1H,m), 3.75-
3.50(1H,m), 3.45-3.10(2H,m), -
2.90-2.50(4Hm), 1.10~0.80(7H,m),
0.70-0.20(4H,m) .

MS (ESI,m/z) 4830 (M+H)".

Ex.
82

¢

e

oy H
€,

*H-NMR (300MHz , Sppm, CDC13) 7.79-
.74 (3R, m), 7.62(1H,brs), 7.46-
.43(3H,m), 7.33-7.11(4H,m),
.49-4,43(1H,m), 3.80- -
.70(1H,m), 3.48-3.33(2H,m),
.B6~2.69(4R,m), 2.63(3R,s),’
.62 (3H,s), 1.20-1.09(7H,m),
.60~0.20 (4R, m) .

MS (ESI,m/z) 447 (M+R)".

ONN WL I

.Ex.
83"

vege 10
OH

Me o
. 1/7250,c7C0H

'H-NMR (300MHz2 , 8ppm, CDC13) 7.80-
7.76(3H,m), 7.64(1H,s), 7.46-
7.44(2H,m), 7.30~7.17 (4H,m),
6.99-6.92 (2K,m) ,
6.85(1H,s),4.10-3.95(2H,m),
3.50~3.30(2H,m), 3.18-
2.80(4H,m), 2.27(3H,s),
2.26(3H,s), 1.29~1.22(6H,m),
1.20-1.00(1H,m), 0.60-

0.10 (4H,m) . .

MS (ESI,m/z) 432 (M+H-1/2C.H:0¢)".

Ex.
84 .

M% | 4 O/E\Ié

OCNN W I~

|” *H-NMR (300MHz , 8ppm, CDC13) 7.82-

.73(34,m), 7.60(1H,s), 7.45~
.43(2H,m), 7.32-7.28(1H,m),
.16 (1H,s), 7.03~6.96 (2H,m),
.04 (1H,d,J=7.5Hz), 3.82-

.74 (1H,m), 3.40-3.32(2H,m),
.86-2.69(4H,m), 2.31~- =
.2B(6H,m), 1.22-1.09(7H,m),
.58~0.23(4H,m) . '
MS(ESI,m/z) 432 (M+H)”.
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Ex.

85

. 1/2H0,c7C0H

O O+ NWD I I~

H~NMR (300MHz , Sppm, CDC13) 7.80-
.74 (3H,m), 7.63(1H,s), 7.45-
.43 (2H,m), 7.32-7.28(1H,m),
.12 (18,s), 7.03-6.97(2H,m),
.85(1KH,s), 4.26-4.12 (1K,m),
.01(1H,d,J=7.8Hz), 3.62-
.28(2H,m), 3.20-2.76(4R,m),
.28-2.24(6H,m),. 1.29- ,
.05(78,m), 0.60-0.48(1H,m),
.40-0.26 (2R, m), 0.22-

.14 (1H,m) . ‘

MS (ESI,m/z) 432 (M+B~1/2CH:04)".

Ex.
‘86

Me

OMe

o8 H

*H-NMR (300MHz , Sppm, DMSO~ds)
.19(1H,s), 7.90-7.30(12H,m),
.20-7.10{1H,m), 4.40-
.30(1H,m), 3.90-3.80(4H,m),
.45-3.25(2H,m), 3.00-
.85(3H,m), 2.80-2.65(1H,m),
.25-1.00(7H,m), 0.60~

.30 (4H,m) .

MS (ESI,m/z) 554 (M+H)".

O N W -3 o
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Ex.

87

HOzCO‘

so, Me

Me

N

doﬁe

WS oy N

'H~NMR (300MHz , Oppm, DMSO-ds)
.10-8.00(2H,m), 7.90~
.70(3H,m), 7.50-7.14(98,m),
.B0-6.70 (1H,m), 4.36-

.34 (1H,m), 3.90-3.80(1H,m),
.20-2.60(9H,m), 1.26-

.20 (9H,m) .

MS (ESI,m/z) 591 (M+H)".

Ex.

88

Me

OMe

COZMe

OH

ree )

oY TN

O KWW J 9w

*H~NMR (400MHz , Sppm, CDCl3) 7.90-
.70(4H,m), 7.68-7.60(1K,m), '
.60-7.40(3H,m), 7.30-
.15(3H,m), 4.18-4.09(2H,m),
.91-3.90(3H,m), 3.81-

.79 (38,m), 3.60-3.40(2H,m),
.30-2.90(4H,m), 1.35-

.28 (6H,m), 1.20-0.80(1H,m),
.60-0.20 (4H,m) .

MS(ESI,m/z) 492 (M+H)".

1Ex.
89

*R-NMR (300MRz, Sppm, DMSO-ds)
7.68(1H,d,J=8.4Hz), 7.59~
7.55(2H,m), 7.33-7.32(1H,m),
7.25~7.1B(4H,m), 7.08-
7.04(2H,m), 6.48(1H,s},
4.08(1H,d,J=7.8Kz),
3.78(1K,brs), 3.36-3.17(4H,m),
2.90-2.85(2H,m), 2.31(3H,s),
1.10-1.07 (7H,m), 0.52-
0.50(1H,m), 0.37-0.33(2H,m)
0.14~0.10(1K,m).

MS(ESI, m/z) 434 (M+H- 1/2C4H404) .

Ex.

90

HWWwbd oI I

'R-NMR (300MHz , Sppm, DMSO-ds)
.70(1H,d,J=8.7Hz), 7.61~

.57 (2H,m), 7.35-7.32(1H,m),
.26~7.22(2H,m), 7.08- :
.94 (8H,m), 6.50(1H,s),

.27 (1H,d,J=7.1Hz), 3.B4-

.72 (4H,m), 3.48-3.18(4H,m),
.06-2.92(2H,m), 1.17-

.08 (7H,m), 0.50-0D.24(4H,m).

MS (ESI,m/z) 450 (M+H-~1/2C¢H(0¢) "

Ex.
91 .

Br

'H-NMR (300MHz , 8ppm,CDC13) 7.B5-
.70(3H,m), 7.61(1H,s), 7.50-
.40 (2H,m), 7.35-7.15(4H,m),
.10-4.00(1H,m), 3.85-

.70 (1H,m), 3.40-3.25(2H,m),
.90-2.60 (4H,m), 2.29(3H,m),
.20-1.00(7R,m), 0.65-
.55(1H,m), 0.50~0.15(3H,m).

MS (ESI,m/z) 497 (M+RH)".

O N WD N
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Ex.
92

oy H

HNWS 9N

*H-NMR (300MHz , Sppm, DMSO-d¢)
.00-7.94 (1H,m), 7.80-
.70(34,m), 7.61-7.55(2H,m),
.46-7.43(38B,m), 7.28-. -
.16 (2H,m), 5.80-5.70(1H,brs),
.22-4.17(1H,m), 3.B1l-.

.70 (4H,m), 3.50-3.30(2H,m),
.85-2.60(4H,m), 1.15-

.07 (7H,m), 0.70-0.30(4R,m) .
MS(ESI,m/z) 477 (M+H)*.

Ex.
193

‘ OMe
N OMe

FNWWO O

'H-NMR (300MHz , Sppm, DMSO~ds)
.40-7.10 (4H,m) ,

.86 (1H,d,J=8.2Hz), 6.77(1H,s),
.70(1H,d,J=8.1Hz), 6.47(1H,s),
.90-3.60(7H,m), 3.40- :
.10(2H,m), 2.90~2.80(1H,m),
.75-2.50(3H,m), 1.30-
.00(7H,m), 0.60-0.10(4H,m} .

MS (ESI,m/z) 428 (M+H~1/2C.H¢04)".
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Table 13

Ex.

94

OMe
o/“\r”\g OMe
OH 7.

OMe
.1/2 HO,C

A\ COH

HNMW W oy

'H~NMR (300MHz , Sppm, DMSO-ds)
.40-7.10(4H,m), 7.10-
.90(2H,m), 6.881H,d,J=8.2Hz),
.77(18,s), 6.71(1H,d,J=8.2Hz),
.50 (1H,s), 4.27(1H,d,J=7.4Hz),
.95-3.65(10H,m), 3.40- '
.15(2H,m), 3.10-2.90(H,m),
.85-2.60(3H,m), 1.20-
.00(7H,m), 0.60-0.10(4H,m).

MS (ESI,m/z) 444 (M+H-1/2C.H.0.)".

Ex.

95

NN WS o

MS(ESI,m/z)

"H-NMR (300MHz , dppm, DMSO-d¢)
.40-6.90 (6H,m),

.87 (1H,d,J=8.1Hz), 6.53(1H,m),
.09 (1H,d,J=7.5Hz), 4.00-

.80 (1H,m), 3.76(3H,s), 3.45-
.95(4H,m), 2.90-2.70(2H,m),
.33(3H,s), 2.13(3H,s), 1.20-
.00(7H,m), 0.60-0.10(4H,m).
412 (M+H=1/2C¢H:Os) *.

Ex.

96

‘ OMe
: Me Me
O/Y\gl . e
OH

OMe 12 Hozc/\/COZH

OCNWwo I

'H-NMR (300MHz , Sppm, DMSO-d)
.40-7.15(2H,m), 7.05-

.90 (4H,m), 6.89(1H,d,J=8.1Hz),
.53 (1H,m), 2.27(1R,d,J=7.5Rz),
.95-3.70(7H,m), 3.45- ‘
.00 (4H,m), 3.90-3.65(2H,m), .
.13(3H,s), 1.20-1.00(7H,m),
.60-0.10 (4H,m) . :

MS (ESI, m/z) 428 (M+H~1/2CH:04)".

Ex.

87

O O NWD JIJ

'H-NMR (300MHz , 8ppm,CDCl3) 7.82-
.76 (3H,m), 7.48(1H,s), 7.48-
.46 (2H,m), 7.33-7.29(1H,m),
.11-6.99(3H,m), 6.88(1H,s),
.24~4,12(1H,m), 3.61-
.38(3H,m), 3.23-2.82(4H,m), -
.25-2.23(6H,m), 1.32-

.26 (6H,m), 1.11~-0.94(1H,m), -
.62~0.52 (18, m), 0.46-
.35(28,m), 0.20~0.14(1H,m) .’

MS (ESI,m/z) 432 (M+H-1/2C4H.04)".

Ex.
98

H i Wwwbh J 99

'H-NMR (300MHz , Oppm, CDCl3) B8.23~
.21(2H,m), 7.79-7.74(4H,m),
.65~7.62(28,m), 7.50- _

.43 (3H,m), 7.29-7.17(2H,m),
.10-6.90(28,m), 4.3B-
.34(1H,m), 3.91(3H,s), 3.80-
.70(1H,m), 3.31-3.28(2H,m),
.19(3H,s), 2.89-2.69(4H,m),
.33-1.30(3H,m), 1.14~

.12 (6H,m) .

MS (ESI,m/z) 605 (M+H)".

7
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Ex.

99

*H-NMR (300MHz , Sppm, DMSO-ds)
.20-8.17(1H,m), 7.89-

.64 (7H,m), 7.52-7.17 (6H,m),
.90-6.77 (1H,m), 4.40-

.30 (1H,m), 3.95-3.80(1H,m),
.65-3.55(1H,m), 3.24- .
.13(3H,m), 3.09(3H,s), 3.08-
.90(28B,m), 1.30-1.20(9H,m).

N WwWwd oy~ o

72

MS (ESI,m/z) 591 (M+H)".
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Table 14

Ex.
100

e
S OW |
e

TSP NWWHEOOY S

'H-NMR (300MHz , Sppm, CDC13) 7.82-
.B0(3R,m), 7.68-7.66(1H,m),
.50-7.47 (2H,m), 7.32-
.28(1R,m), 7.17-7.14(1H,m),
.79-6.76 (1H,m), 4.20-
.10(1H,m), 4.09-4.02(1H,m),
.62-3.48(2H,m), 3.27-
.23(1H,m), 3.12-3.00(3H,m),
,18-2.17(3H,m), 1.38B- :
.32(6H,m), 1.10-1.00(1H,m), .
.60-0.20(4H,m) .

MS (ESI,m/z) 424 (M+R)"*

Ex.
101

S
\le OHH |
.1/2 HOZC/Q§/COZH

O = WWd oy~

- *H~-NMR (300MHz , 8ppm, CDC13) 7.76-

.74(3H,m), 7.65(1H,s), 7.45-
.42 (2R,m), 7.31-7.19(2H,m},
.93-6.90(2H,m), 6.85(1H,s),
.20-4.,10(18,m),
.80(1H,dd,J=11.7,8.1Hz2), 3.64-
.40(2H,m), 3.20-2.B0(4H,m),
.30-1.24(6H,m), 1.10-

.00 (1H,m), 0.60-0.45(3R,m),
.30~0.20(1H,m) .

MS (APCI,m/z) 410(M+H—

1/2C4H404)

‘Ex.
102

. 1/2 Ho,cC0H

O WL OOy~

'H-NMR (300MHz , dppm, CDCl3) 7.78-
.75(3H,m), 7.67(1H,s), 7.46~
.43(2R,m), 7.32-7.26(18,m),
.85(1H,s), 6.11-6.0%3(1H,m),
.B7(1H,s), 4.33(1H,brs), 4.20-
.10(1H,m), 3.60-3.45(3H,m),
.20~2.80(3H,m), 2.24(3H,s),
.28~1.22(6H,m), 1.20-
.10(1H,m), D.60-0.30(3H, m),
.,20~0.10(1H,m). )
MS (ESI,m/z) 408 (M+H-1/2CH;0,) "

Ex.
103

Q| " oy B

O HWWO OGN

'H-NMR (300MHz , Sppm, CDC1l3) 7.83-
.30(3H,m), 7.70(1H,s), 7.50-"
.47 (2H,m), 7.37-7.30{(28,m), .
.33-6.31(1H,m), 6.26~
.25(1H,m), 4.30-4.20(1H,m),
.63-3.52(3R,m), 3.40-
.30(1H,m), 3.15-3.10(3H,m),
.42-1.37(6H,m), 1.15-
.00(1H,m), 0.60-0.30(3R,m), .
.20-0.20(1H,m) . .

MS (ESI,m/z) 394 (M+H)".

Ex.

104

BOUJee

= oy E

QO WWwo N~

"'H-NMR (300MHz, ppm, CDC13) 7.83-

.78(3H,m), 7.68(1H,brs), 7.49-
.46 (2H,m), 7.3B-7.2%(3H,m),
.36(1H,brs), 4.30-4.10(1H,m),
.63-3.49(3H,m), 3.29- .
.25(1H,m), 3.1B-3.08(3H,m),
.37-1.34(6H,m), 1.05-
.80(1H,m), 0.56-0.33(3K,m),
.13-0.08(1H,m) . '
MS(ESI,m/z) 394 (M+H)*.

73
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Ex.
105

CN

OH

B

e e ()

oY N

'H-NMR (300MHz , Oppm,CDCl3) 7.85-
.75(3H,m), 7.70-7.40(78,m), .
.35-7.25(1H,m), 3.90-
.BO(1H,m), 3.75-3.65(1H,m),
.55-.3.35(2H,m), 3.00-
.85(3H,m), 2.85-2.70(iH,m),
.29-0.95(78,m), 0.70- 4

.60 (1Hm,), 0.55-0.45(2H,m),
.30-0.20(1H,m) .

MS (ESI,m/z) 428 (M+H)".

QO N WWNI I

74
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Table 15

| \V/ -
| me e )
Ex. O‘N

. Me
Me

'4~NMR (300MHz , Oppm, CDCl3) 7.85-
.70(3H,m), 7.61(18,s), 7.50-
.40 (28,m), 7.35-7.20(2H,m),
.15-7.05(2H,m), 4.20-

.10 (1H,m), 3.90-3.75(1H,m),
.45-3,30(2H,m}, 2.95~- =
.65(4H,m), 2.35-2.20(6H,m),
.35-1.00(7H,m), 0.65-
.55(1H,m), 0.50-0.20(3H,m).
MS(ESI,m/z) 432 (M+H)"'.

'4-NMR (300MHz , Sppm, CDC13) B.15-
.05{(1H,m), 8.00-7.90(1H,m),
.85-7.70(3H,m), 7.65-

.60 (1H,m), 7.50-7.40(2H,m),
.35-7.25(1H,m), 6.95-
.B5(1H,m), 4.25-4.20(1R,m),
.95-3.80(7H,m), 3.55=<
.35(2H,m), 3.00-2.70(4H,m),
.25-1.00(7H,m), 0.65~
.55(1H,m), 0.50-0.25(3H,m).
MS (ESI,m/z) 492 (M+H)".

'H-NMR (300MHz , dppm, CDC13) 7.85~
.70{3H,m), 7.61(1H,s), 7.50-
.35(2H,m), 7.30-7.25(1H,m),
.10-6.95(2H,m), 6.90-

Ex oY N .80 (1H,m), 4.20-4.10(1H,m),

7
7
7

k . ) 6

108 _ og H 3.90-3.70(7H,m), 3.50-
3
1
0

QN WS J I~

Ex. M302C O/_\r/\N |

107 ‘ on B

O WWwoN I3 JJw

OMe .30(2H,m), 2.90-2.60 (4H,m),
OMe .20-1.00(78H,m), 0.70-
.25(4H,m) .

MS (ESI,m/z) 464 (M+H)".

'4-NMR (300MHz, Oppm, CDCls) 7.82- |.
.70(3H,m), 7.63(1H,s), 7.47-

' 19
' ’ / M 7.43(2H,m), 7.31-7.26(3H,m),
Ex. 4.15(1H,dd,J=7.7,5.7Hz), 3.90-
109 | Sy oYy N 3.80(1H,m) 3.70-3.54(2H,m),
, 2.90-2.78(4H,m),. 1.28-
‘ 1

.15(7H,m), 0.70~0.45(4H,m).
MS (APCI,m/z) 411 (M+H)*.

'H-NMR (300MHz, dppm,CDC1ls) 7.82-
.77{(3H,m), 7.65(1H,s), 7.48-
.45(2R,m), 7.31~7.25(2KH,m),
.14(1H,s), 7.04~7.01-(1K,m),
.07-4.00(1H,m}, 3.72-

.67 (1H,m), 3.60-3.46(2K,m),
.16-2.90(48,m), 1.28-

.26 (6B,m), 1.10~0.95(1H,m),
.60-0.35(3H,m), 0.20-
.15(1R,m) . _

MS (APCI,m/z) 409 (M+H)".

110 ~roTY N
= .o B

OO WWwdh J 3

75
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'H~NMR (300MHz , Sppm, DMSO-d;)
.40-7.10(4H,m),
.07(14,d,J=7.8Hz), 6.96(1H,s)
.91(14,d,J=7.8Hz), 6.53(1R,s),
.101H,d,J=7.5Hz), 4.00-

.80 (1H,m), 3.40-3.00(3H,m),
.90-2.70(3H,m), 2.33(3H,s),
.20(3R,s), 2.19(3H,s), 1.20-
.00(7H,m), 0.60-0.10(4H,m).
MS(ESI,m/z) 396 (M+H-1/2C.H,04)".

] . Me
Ex
) o) N e
111 /NE;:\H
e
. 1/280,c7 0

P NN WS oY

. *H~NMR (300MHz , Sppm, DMSO-ds)

20

25

30

35

40

45

50

55

- v Me |7.40-7.20(4H,m), 7.15-
: ' M?ygf/[::]:ﬁ 6.85(5H,m), 6.46 (1H,s), 4.35-
X. ~F 4.20(1H,m), 3.90-3.65(4K,m)
O N e ’ ’ N r L]
112 /\E;Z\H . 3.40-3.10(2H,m), 2.95-
OMe ~x-COH |2.65(4R,m), 2.1B(6H,s)1.20~
|2

1/2H0,C

.0{(7R,m), 0.60~0.10(4K,m).

76

MS (ESI,m/z) 412 (M+H-1/2C4H0,)".
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>Ex.
113 m!D

0N .

o H ‘

OMe
- 1/2 Ho,cC0H

'H-NMR (300MHz , Sppm, CDCl3) 7.40-
7.20(4H,m), 7.15-6.85(5H,m),
6.53(1H,s), 4.27(1H,d,J=7.5Hz),
3.95-3.70(4H,m), 3.50- ‘
3.00(BH,m), 2.95-2.70(3H,m),
2.20(38,s), 2.19(3H,s), 1.20-
1.00(78,m), 0.60-0.10(4H,m) .
MS{ESI,m/z) 412 (M+R-1/2C.H04)".

Ex.
114

B
c1 OH

'H-NMR {300MHz, Sppm,CDCl3) 7.B5-
7.70(34,m), 7.61(1K,s), 7.50-
7.40(3H,m), 7.35-7.15(4H,m),
4.40-4.30(1H,m), 3.90-
3.75(1H,m), 3.50-3.30(2H,m),
2.95-2.65(4H,m), 1.20-
1.00(7H,m), 0.65-0.50(1H,m),
0.50-0.35(3H,m) .

MS{ESI,m/z) 43B(M+H)".

‘Ex‘

115

Cl-

e

o H

'H-NMR (300MHz , Oppm, CDC13) 7.85-"
7.70(3H,m), 7.62(1H,s), 7.50-
7.40(28,m),. 7.35-7.10(5H,m) ,
3.85-3.75(1H,m), 3.70~
3.55(1H,m), 3.50-3.30(2H,m),
2.95-2.65(4H,m), 1.20-
1.00(7H,m), 0.70-0.55(1H,m), .
0.50-0.40(24,m), 0.30~ '
0.20(1H,m) . :
MS(ESI,m/z) 438 (M+R)".

Ex.

116
, Cl

'Y e

o B

14-NMR (300MHz , Sppm, CDCl3) 7.85-
7.70(3H,m), 7.61(1H,s), 7.50-
7.40(2H,m), 7.35-7.15(5H,m),
3.85-3.75(1H,m), 3.70-
3.60(1H,m), 3.50-3.30(2H,m),
2.90-2.80(38,m), 2.75-
2.65(1H,m), 1.20-1.00(7H,m),
0.70-0.60(1H,m), 0.50-
0.40(2H,m), 0.30-0.20(1H,m).

MS (ESI,m/z) 438 (M+H)".

1117

Ex.

o’A\T/“ztBETiJ!IIHIEI

: H
ce, O

'H-NMR (300MHz, 8ppm, CDC1;) 7.85-
.25(11H,m), 4.35-4.20(1H,m),
.80-3.70(1H,m), 3.45- ’ :
.35(1H,m), 3.30-3.15(1H,m},
.90-2.75(34,m), 2.75-
.60{1H,m), 1.20-1.00(7H,m),
.65-0.30 (4H,m) .

MS(ESI,m/2z) 472 (M+H)".

ONNWW

Ex.
118
' CF

(0] N

on ¥

'H-NMR (300MHz, Sppm,CDCl3) 7.85-
.70(3H,m), 7.65-7.40(7H,m),
.35~7.25(1H,m), 3.90-
.70(2H,m), 3.50-3.30(2H,m),"
.95~2.60(4H,m), 1.20~-"
.00(78,m), 0.70~0.60(1H,m),,
.55~0.40(2H,m), 0.30~-"

.20 (1H,m) . :

MS(ESI,m/z) 472 (M+H)".

SO N WD

77
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Ex.
119

CF

oy H

COHNWNI9~N

'H~NMR (300MHz , Sppm, CDC13) 7.85-

.70(3H,m), 7.65-7.
.50-7.35(4H,m) , 7.
.25(1H,m), 3.85-3.
.50-3.30(2H,m), 2.
.80(3H,m), 2.80-2,
.20-1.00(7H,m), 0.
.55(1R,m), 0.50-0.
.30~0.20(1H,m) .

55(3R,m},
35- i
70 (2H,m),
95-

65 (1R, m) ,
70-
40(2H,m) ,

MS(ESI,m/z) 472 (M+H)".

78
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Ex.
120

0
£ OH

OO NWWWL 9

*H~-NMR (300MRz , dppm, CDC13) 7.90- -
.77{(3H,m), 7.64(1H,brs), 7.63~
.46(2H,m), 7.32-7.1B(SH,m),
.17-4.08(2H,m), 3.59-

.53 (1H,m), 3.45-3.43(1H,m),
.26-3.22(1H,m),3.10-3.03 (3K, m),
.66~2.59 (2H,m), 1.32-
.2B(6H,m), 1.22-1.17(3H,m),
.11-1.00(1H,m), 0.60-
.50(1H,m), 0.40-0.30(2H,m),
.25-0.20(1H,m) .

MS (ESI,m/z) 432 (M+R)",

Ex.
121

'H-NMR (300MHz , 8ppm, CDC13) 7.90-
.78(3”R,m), 7.65(1H,brs), 7.50-
.46 (2H,m), 7.29-7.17(58B,m),
.21~4.11(2H,m), 3.60-

.52 (1H,m), 3.45-3.42(1H,m),
.30-3.05(4H,m), 1.34-
.1B(12H,m), 1.20-1.00(1H,m),
.60~0.50 (1H,m)}, 0.40-
.30(2H,m), 0.20-0.10(1H,m).
MS(ESI,m/z) 446 (M+H)".

O O KWW I 9

Ex.
122

7]
S

on H
. 1/250,c7C0H

lH-NMR (300MHz ,dppm, ,DMSO-ds)
7.96-7.82(38,m), 7.73(1R,s),
7.50-7.47(3H,m), 7.41- _
7.38(2H,m), 7.13(1H,d,J=5.1Hz),
3.90-3.81(2H,m), 3.44-"
3.2B(3H,m), 3.10-2.70(4H,m),
1.20-1.05(7H,m), 0.60~
0.50(1H,m), 0.45-0.35(2H,m),
0.30-0.20(1H,m). ,

MS (ESI,m/z) 410 (M+H-1/2CH.0.)".

Ex.
123

OH I N WW O~

’H-NMR (300MHz, Oppm, CDCl3) 7.84-
.78(38,m), 7.66(1H,s), 7.48-
.46 (2B,m)’, 7.32-7.29(1R,m),
.72(1H,t,J=3.0Hz), 6.58(1H,s),
.16-4.06 (1H,m), 3.81-
.75(1H,m), 3.61-3.54(2H,m),
.22-3,16 (1H,m), 3.06-
.95(3H,m), 2.44(1H,d,J=3.0Hz),
.32-1.28(6H,m), 1.16-

.06 (1H,m), 0.62-0.42(3H,m),
.30-0.20(1H,m).

MS (ESI,m/z) 424 (M+H)".

Ex.
124

'H-NMR (300MHz , Sppm, CDCl3) 7.83~
.78 (38, m), 7.66(1H,s), 7.49-
.45(28,m}, 7.31-7.28(1H,m),
.74 (1H,t,J=3.4Hz), 6.62-

.60 (1H,m), 4.14-4.09(1H,m),
.79 (1H,t,J=8.5Kz), .3.62-

.50 (2K, m), 3.24-3.02(4H,m),
.84~-2.75(2H,m), 1.32-
.23(9H,m), 1.12-1.04 (1H,m),
.66-0.40(3H,m), 0.28-

.20 (1H,m) . :

MS (ESI,m/z) 437 (M+H)"*.

79
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Ex.
125

7
7
6
6
4
3.
2
1
0
M

'H-NMR (300MHz , Oppm, CDCl3) 7.81-
.79 (3H,m); 7.68(1H,s), 7.49-
.45(2R,m), 7.32-7.29{1H,m),
.BB(1R,t,J=3.7Hz),

.70 (1H,d,J=6.7Hz), 4.14-
.0B(1H,m), 3.79(1H,t,J=B.7Hz),
62-3.50(2H,m), 3.22-

.90 (4H,m), 1.34-1.30(6H,m),
.10-1.00(1H,m), ‘0.60-

.40 (3H,m), 0.30-0.20(1H,m).
S(ESI,m/z) 490 (M+H)".

80
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Ex.
126 O,N

sl D)

on H

QO H WW- o

'H~NMR (300MKz, Oppm,CDCl3) 8.20-

.05(2H,m),
.70-7.66(2H,m) ,
.40(3H,m),
.B5-3.70(2H,m) ,
.35(2H,m),
.20-1.00(78B,m),
.60 (1B, m),
.35-0.20(1H,m) .

7.85~

7.35-

2.95-

0.55-

7.70 (3H,m) ,
7.55~
7.25(1H,m),
3.55~
2.60(4H,m),
0.70~-
0.40(2H,m),

MS (ESI,m/z) 449 (M+H)".

' - ..OMe
127 A e
' . oH H -

ONNWD O I

'H~NMR (300MHz , Sppm, CDCl3) 7.40-

.10(48,m), 7.

.75(1H,d,J=8.
.00 (3H,m),

.73(2H, s),
.18(3H4,s), 1.
.70-0.10(4H,m) .

00~
2H2),
3.80(34,s),
.30(2H,m), 3.20-
2.32(38,s),
30-

6.85(3H,m),
4,20~
3.60~
2.80(2H,m),

1.00(7H,m), .

MS (ESI,m/z) 412 (M+H)".

Ex.

128

OO R NWWDd I

'H-NMR (300MHz , Sppm, CDCls) 7.98-

.34 (1H,m),

.95(1H,m) ,
.37 (28,m),
.88-2.85(1H,m) ,
.23-1.20 (1H,m) ,
.70-0.55 (1H,m) ,
.20 (3H,m) .

.95(2H,d,J=8.3Hz), 7.36-
7.24-
.11-4,08 (1H,d,J=
3.91(3H,s),
3.05-

7.16 (5H,m),
7.7Hz), 4.05-
3.52-
3.01(1H,m),
2.34(3H,s),
1.14(6H,s),
0.50- " '

MS(ESI,m/z) 426 (M+H)".

Ex.
129

O+ NN WWB I

'H-NMR (300MHz , Sppm, DMSO-ds)

.14 (6H,m) ,
.70 (1E,m),
.22-3.17 (1H,m) ,

.05-1.04 (6B, m) ,
.15(4H,m) .

.86-7.83(2H,d,J=
4.10-
.07 (1H,d,J=7.5Hz2),
3.35-

.81(3H,m), 2.66~
.32(34,s), 1.25-

8.1Hz), 7.34-
3.80-
3.30(1B,m),
2.87-
2.59(1H,m),
1.10(1H,m),
0.60-

MS (ESI,m/z) 412 (M+H)".

Ex

130 s
MeOzc \ |

QP NWW D

'H-NMR (300MHz , dppm, CDC13) 7.81-

.48-7.45(2H,m),
.29 (1H,m),
.10-4.06 (1H,m) ,

.56-3.50(1H,m),

.12-1:02(1H,m),
.46 (3R,m) ,

.76 (3H,m) , 7.65~

.B4 (4B, m), 3.64~
.80 (4R, m), 1.30~

0.32-

7.63(2H,m),
7.32- 7

6.54(1R,d,J=3.7Hz),

3.90~
3.60(1R,m),
3.18-
1.28 (6K, m),
0.68-
0.24(1H,m).

MS(ESI,m/z) 468 (M+H)*.
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Ex.
131

HO,C— | on B .

ON b I

'H-NMR (300MHz ,dppm, ,DMSO-dg) .
.91-7.85(3R,m), 7.73(1H,s),
.49-7.46 (3H,m),

.36 (1H,d,J=B.1Hz), 7.03(1H,s),
.06(1H,d,J=8.1Hz), 3.89-
.80(78,m), '1.24-1.19(7H,m),
.60-0.20(4H,m) . .

MS (ESI,m/z) 454 (M+H)".

Ex.
132

Me NSO
2%z (o)

QO K NWW-J

'H-NMR (300MHz , dppm,CDCl3) 7.85-
.40 (10H,m),.7.35-7.30(1H,m),
.85~3.70(2H,m), 3.50-
.35(2H,m), 3.00-2.85(3H,m),
.B0~2.65(7H,m), 1.20- :
.00(7H,m), 0.70-0.60(1H,m},
.55~0.40(28R,m), 0.30-

.20 (1R, m) . :

MS (ESI,m/z) 511 (M+H)".
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Ex.
133

s
BNOC— |

on B

LI

'H-NMR (300MHz , Sppm, DMSO-ds)
.87-7.77(3H,m), 7.67(1R,s),
.60(1H,d,J=3.782), 7.46~
.44 (2H,m), 7.37-7.35(1H,m),
.01 (1H,d,J=3.7Hz),

.60(1H,m), 3.45-3.33(2H,m),
.78-2.70(4H,m), 1.10-

.97 (7H,m), 0.60-0.40(3H,m),
.32-0.26(1H,m).

MS (ESI,m/z) 453 (M+H)".

7
7

7

7 .
3.99 (1H,0d,J=7.8,3.2Hz), 3.65-
3

2

0

0

Ex.
134

CONWbdNI

'H-NMR (300MHz , Oppm, CDC13) 7.83-
.BO(3H,m), 7.68(1H,s), 7.49- ,
.46 (2H,m), 7.31(1H,d,J=8.4Hz),
.75-6.70(2H,m), 4.18- L
.12(1H,m), 3.75(1H,t,J=9.3Hz),
.64-3.51(2H,m), 3.23-

.99 (4H,m), 1.36-0.95(7H,m),
.70-0.40(3H,m), 0.30-

.20 (1H,m) . .
MS{ESI,m/z) 444 (M+H)".

Ex.
135

OO FNWWLONIII

'H-NMR (300MHz , Sppm, DMSO-ds)
.88-7.78(3H,m), 7.6B8(1H,s),
.49-7.45(2H,m), ‘
.37 (1H,d,J=8.4Rz),

.82 (2H,dd,J=14.7,3.3H2),

.37 (1H,t,J=5.4Hz),

.94 (1H,dd,J=8.1,3.3Hz),

.64 (1R,brs), 3.38-3.17(2H,m),
.81-2.75(2H,m), 1.14-

.06 (7H,m), 0.60-0.50(1H,m),
.48-0.40(2H,m), 0.30-

.20 (1H,m) . ‘

MS (ESI,m/z) 440 (M+H)".

136

Ex

oWk b9

'H~NMR (300MHz , Sppm, CDC13) 7.80~
.74(58,m), 7.62(1H,s), 7.47-
.39 (4H,m), 7.27-7.25(1H,m),
.37(1H,dd,J=14.4,7.8Hz), 4.10-
.04 (1H,m), 3.63~3.4B(2H,m),
.16~2.97(4H,m), 1.28-
.10(78,m), 0.63~0.42(4R,m).

MS (ESI,m/z) 494 (M+H)".

Ex.
137

QO P WWwoy N I3

'H-NMR (300MBz , 8ppm, CDC13) 7.82-
.77(3H,m), 7.67(1H,s), 7.48~
.45(2H,m), 7.30(1H,d,J=8.4Rz),
.12 (1H,dd,J=4.7,1.4Hz),
.B6(1H,s), 4.16-4.06(1H,m),
.B0(1H,t,J=8.8Hz), 3.62-

.50 (2H,m), 3.24-2.97(4H,m),
.34-1.25(6H,m), 1.06-
.D2(1H,m), 0.60-0.40(3H,m),
.30-0.20(1H,m) . .

MS (ESI,m/z) 490 (M+H)".
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Ex.
138

J4®

*H~NMR (300MHz, Sppm, CDC13) 7.81-
.78 (3H,m), 7.68(lH,s), 7.49-
.46 (2H,m), 7.30(1K,d,J=B.4Hz),
.90 (1H,s),
.B1(1H,dd,J=3.2,1.7H2), 4.20-
.14 (1H,m), 3.62-3.06(7H,m),
.38-1.35(6H,m), 1.00-

.70 (1K,m), 0.60-0.30(3H,m),
.20~0.10 (1K, m) .

MS (ESI,m/z) 444 (M+R)*.

SO & oY ~J
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Ex.-
139

. CONH2
Me Me
O/Y\

e

or B

'H-NMR (300MHz , dppm, CDCls) 7.72-
.70 (2H,d,J=8.2Hz), 7.38-
.26(1H,m), 7.24-7.16(5H,m),
.30-5.50(2H,br), 4.13-

.10 (1H,d,J=7.4Hz), 3.85-
.70(18,m), 3.35-3.29(2H,m),
.78-2.59(4H,m), 2.35(3H,s),
.30-1.20(1H,m), 1.04(3R,s),
.02(3H,s), 0.65-0.20(4H,m) .
MS(ESI,m/z) 411 (M+H)".

o NW S N

Ex. ’
140

CO,Me
o/\‘/\

OMe

og B

O N W~~~

'H~NMR (300MHz , Sppm, DMSO-ds)
.89 (2H,d,J=8.1Hz), 7.36-
.33(38,m), 7.28-7.22(1H,m),
.01~6.94(2H,m), 4.30-

.26 (1H,m), 4.08-3.76(7H,m),
.24~3,16(2H,m), 2.86(3H,brs), .
.76~2.64(1H,m), 1.12~

.08 (7H,m), 0.50-0.40(1H,m) ,
.45~0.20 (3H,m) . ,
MS(ESI,m/z) 442 (M+H)".

Ex.
141

OMe

. 'H-NMR (300MHz , Sppm, DMSO~ds)

.36~7.32(1H,m), 7.27-
.18(3H,m}, 7.18-7.11(28,m),
.00-6.93(2H,m), S5.12- =
.04 (18,m), 4.45(2H,d,J=4.5Hz),
,2B{1H,d,J=6.9H2), '
.07 (14,brs), 3.77(3H,s),
.61(1H,brs), 3.24-3.17(3H,m),
.706-2.59(2H,m), 1.10-
.00(1KR,m), 0.94-0.92(6H,m),
.50-0.40(1H,m), 0.30-

.20 (3H,m) .

MS(ESI,m/z) 414 (M+H)'.

O O NWD B U~

Ex.
142

oY N

OO O N WD B I~

’H-NMR (300MHz , Sppm, DMSO-ds)
.33-7.31(1H,m}, 7.20-

.08 (7H,m), 5.09{1R,t,J=5.7Hz),
.45(2H,d,J=5.5Hz), 4.11- :
.06(4H,m), 3.60(1H,brs), 3.30-
.24 (18,m), 2.70-2.57(2H,m),
.31(3H,s), 1.20-1.10(1H,m),
.93-0.91(6H,m), 0.55~
.45(1H,m), 0.40-0.30(2H,m),
.25-0.15(1H,m) .

MS(ESI,m/z) 398 (M+H)®.

Ex. .
143

O O N Wb g

'H-NMR {300MHz , Sppm, DMSO-d)
.91(2H,d,J=8.1Hz), 7.36-

.24 (4H,m), 7.02-6.96 (2H,m),
.31-4.26{(1H,m), 3.88(1H,brs),
.78(3H,s), 3.20-2.85(4K,m),
.60-2.50(2R,m), 1.18(7H,brs),
.60-0.40(1H,m), 0.40-

.20 (3H,m) . .

MS (ESI,m/z) 428 (M+H)".
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Ex.
144

| OMe
Br A\ | OH H ‘

*H-NMR (300MHz, Sppm, CDC13) 7.00-

O F NMDWWW PO

.B9(3R,m),
.22~4 .18 (1H,m),
.83 (1K, m),
.53(2H,m), 3.30-3.20(1H,m),
.12-3,.01(1H,m),
.85(2H,m),
.33(6H,d,J=11.1Hz),
.00 (1H,m),0.70-0.45(3H,m),’
.30-0.20(1H,m) . '

MS (ESI,m/z)

6.78-6.73 (2H,m) ,
3.87-
3.80(3H,s), 3.65-
2.88-
2.18(34,s),

1.15-

484 (M+H) .
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Table 21

Ex.
145

OH-
oY XN ‘ e

*H~NMR (300MHz , Sppm, DMSO-ds)
.18(1H,s), 7.40-7.10(4H,m),
.90-6.60(3H,m), 4.20~

.00 ((2H,m), 3.95-3.75(1H,m),

L.60(3H,m), 2.33(3H,s),
.09(3H,s), 1.30-1.00(7H,m),
.60-0.10(4H,m) .

MS (ESI,m/z) 398 (M+H)".

9
6
4
*13.40-2.90(3H,m), 2.85~
2
2
0

1 Ex.

146

O WWwdH

'H-NMR (300MRz , ppm,CDCl3) 7.40-
.30(1H,m), 7.20-7.00(3H,m),
.80-6.50(3H,m), 5.93(2H,s),
.10(1H,d,J=7.6Hz), 3.95-
.75(1H,m), 3.50-3.20(2H,m),
.00-2.55(4H,m), 2.34(3H,s),
.30-1.00(7H,m), 0.70-

.10 (4H,m) .

MS (BSI,m/z) 412 (M+RH)'.

Ex.

147 -

'H~NMR (300MHz , Sppm,CDC13} 7.85-
.70(3H,m), 7.51(1H,s), 7.50-
.35(3H,m), 7.35-6.95(4H,m),
.15~-4,05(1H,m), 3.80-

.80~2.60(4H,m), 1.20-
.00(7H,m},, 0.70-0.55(1H,m),
.50~0.25(3H,m) .

MS(ESI,m/z) 422 (M+H)".

7
7
4
3.70(1H,m), 3.50-3.30(2H,m),
2
1
0

Ex

1148

COoONWW~uI

'H-NMR (300MHz, 8ppm, CDC13) 7.85-
.70(3H,m), 7.62(1H,s), 7.50-
.40 (2H,m), 7.35-7.20(2H,m),
.10-6.90(3H,m), 3.90-
.75(1H,m), 3.66(1H,t,J=8.1Hz),
.50-3.30(28,m), 2.95-
.60(4R,m), 1.20-1.00(7H,m),
.70-0.55(1H,m}, 0.50-

.40 (2H,m), 0.30-0.20(1H,m)."
MS (ESI.m/z) 422 (M+H)".

Ex.
149

QO NWWI I

*H-NMR (300MHz , 8ppm,CDCls) 7.BS-
.70(3H,m), 7.61(1H,s), 7.50-
.40 {2H,m), 7.35-7.20(3H,m),
.10-6.95{2H,m), 3.85-
.75(1H,m), 3.66(1H,t,J=7.8Hz),
.45-3.30(2H,m), 2.90-
.65(4H,m), 1.20~1.00(7H,m),
.70-0.55(1R,m), 0.50-
.35(2H,m), 0.30-0.15(1H,m}.

MS (ESI,m/z) 422 (M+H)".

150

|

O N Wb N~

'4-NMR (300MHz , Oppm,CDCl3s) 7.85-
.70(3H,m), 7.61{1H,s), 7.55-
.40 (4H,m)., 7.40-7,20(2H,m),
.20-7.05(1H,m), 4.40-
.35(1H,m), 3.80-3.70(1H,m),
.45-3.25(2H,m), 2.90-

.60 (4H,m), 1.20-1.00(78,m),
.60-0.35(4H,m) .

MS (ESI,m/z) 483 (M+H)"*.
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Ex.
151

Br

O QO WS~

'H~NMR (300MHz , Oppm, CDC13). 7.85-
.70(3H,m), 7.61(1H,s), 7.50-
.10(7H,m), 3.85-3.70(1H,m),
.63(1H,t,J=7.2Hz), 3.50~
.30(2H,m), 2.95-2.60(4H,m),
.20-1.00(7H,m), 0.70-
.55(1H,m), 0.50-0.40(2H,m),
.30-0.20(1H,m) .

MS (ESI,m/z) 483 (M+H) "
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Table 22

Ex.
152

s 0
o~
on B
Br

COHNWW-N -~

'H-NMR (300MHz , Sppm, CDC13) 7.85-
.70(3H,m), 7.61(1H,s), 7.50-
.40 (4H,m), 7.35-7.20(1H,m),
.20~7.10(2H,m), 3.85-
.75(1H,m), 3.63(1H,t,J=7.BHzZ)},
.45-3.30(2H,m), 2.95~ :
.80(3H,m), 2.80-2.65(1H,m),
.20-1.00(7#,m), 0.70-
.55(1H,m), 0.50-0.35(2H,m),
.30-0.15(1H,m) .

MS(ESI,m/z) 483 (M+B)".

Ex.
153

| MeO o/\/\b;'

MeO

QO HNWWOH I

*H-NMR (300MHz , Sppm, CDC13) 7.85-
.70(38,m), 7.61(1H,s), 7.50-
.40(2H,m), 7.35-7.25(1H,m),
.90-6.75(3H,m), 3.95-
.75(7H,m), 3.61(1H,t,J=8.5Hz),
.50-3.35(2H,m), 2.95-
.80(3H,m), 2.80-2.65(1H,m),
.20-1.00(7H,m), 0.70- '
.55(1H,m), 0.50-0.40(2H,m),
.30-0.15(1H,m) . o

MS (APCI,m/z) 464 (M+K)".

Ex.

154 .

O ‘ 'o’“j/“:f‘ ; iln.li
5 .

COHNWWULRH I

'R-NMR (300MHz ,8ppm,CDC13) 7.85-~
.70(3H,m), 7.61(1H,s), 7.50-
.40(2H,m), 7.35-7.25(1H,m),
.83(1H,s), 6.80-6.65(2H,m),
.94 (2H,d,J=1.1Hz), 3.85- _
.70 (1H,m), 3.57 (1H,t,J=7.7Hz),
.40-3.30(2H,m), 2.90-.
.BO(3H,m), 2.80-2.65(1H,m),
.20-1.00(7H,m), 0.65-
.55(1H,m), 0.50-0.35(2R,m),
.30-0.15(1H,m) . '

MS (APCI,m/z) 448 (M+H)".

Ex.
155

o e 0

Br—_J og H

CoOoOrNNDWWwoO I3

'H-NMR (300MHz , 8ppm, CDC13) 7.85-
.70(3H,m), 7.63(1H,s), 7.50-
.40(2H,m), 7.35-7.30(1H,m),
.24-6.23(2H,m), 3.90-
.75(1H,m), 3.70-3.60(1H,m),
.60-3.45(2H,m), 2.95-
.85(3H,m), 2.85-2.65(1H,m),
.30-1.05(7H4,m), 0.70-
.60(1H,m), 0.60-0.40(2H,m),; ..
.30-0.20(1H,m). -

MS (APCI,m/z) 473(M+H)".

Ex.
156

, .CONH,
oY N

v H
OMe OH

O N Wd 9

'H-NMR (300MHz , Sppm, DMSO-d§)
.95-7.80(2H,m), 7.36-
.23(4H,m), 7.01-6.95(2H,m),
.31-4.27(1H,n), 4.08(1H,brs),
.84 (1H,brs), 3.78(3H,s), 3.31-
.73(58,m), 1.11(7H,brs), 0.50-
.20(4H,m) .

MS (ESI,m/z) 427 (M+R)".
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Ex.
157

Me -

o

OR

og H

e LI

H e WO 9

’H~NMR (300MHz , Sppm, CDCl3) 7.82-
.71(3H,m), 7.61(1H,s), 7.45-
.42 (2H,m), 7.32-7.20(34,m),
.97 (1R,t,J=7.4Hz), ’
.88(1H,d,J=8.1Hz), 5.08-

.03 (1R, m}, ¢.10-3.90(3H,m),
.00-2.80 (4H,m) , o

.52 (3H,dd,J=6.6,1.4Hz),

.14 (6H,d,J=4.9Hz) .

Table 23

MS (ESI,m/z) 394 (M+B)".

Ex.
158

S
MeO \|

————

'H-NMR (300MHz, Oppm, CDC13) 7.82-
.76 (3H,m), 7.65(1H,s), 7.47~
.45(2H,m), 7.27(1H,d,J=10.6Hz),
.56 (1H,dd,J=3.6,1.8Hz), 6.01-
.99 (1H,m)., 4.05-3.95(1H,m),
.86~3.83(3H,m),

.72 (1H,t,J=7.7Hz), 3.60-
.45(2H,m), 3.12-2.89(4H,m),
.27-1.24 (6H,m), 1.09-
.00(1H,m), 0.60-0.40(3H,m),
.30-0.20(1H,m) . :

MS (ESI,m/z) 440 (M+H)".

OFFHWWWULon I

Ex.
159

MeQ

OMe

'H-NMR (300MHz , &ppm, CDC1;3) 7.82-
.73(3H,m), 7.61(1H,s), 7.47-
.40 (2H,m), 7.31-7.27(2H,m),
.51-6.43(2H,m) , .
.15(1H,d,J=7.8Hz), 3.80-
.77(7H,m), 3.48-3.33(2H,m),
.84-2.68(4H,m), 1.19-
.68(7H,m), 0.60-0.50(1H,m),
.38-0.25(3H,m) .

MS{ESI,m/z) 464 (M+H) "

O NWD I

Ex. -
‘160 :

\/

Me

_OEt

OR

Me

H-NMR (300MHz ,&ppm, CDC13) 7.40-
7.10(4H,m), 7.00-6.85(3H,m),
6.72(1H,d,J=8.7Hz), :
4.09(1H,d,J=7.5Hz), 4.05-
3.85(3H,m), 3.50-3.30(2H,m),
3.20-2.75(2H,m), 2.67(2H,s),
2.33(3H,s), 2.19(3H,s), 1.41-
3H,t,J=6.9Hz), 1.25-1.00(7H,m),
0.65-0.10(4K,m) .

MS (ESI,m/z) 426 (M+H)".

Experimental Examples

[0239] The biological activity of the compound of the present invention was examined.
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Experimental Example 1

[0240] Evaluation of antagonistic action on calcium receptor using reporter gene

[0241] Luciferase cDNA and human calcium receptor cDNA were transfected into a cell strain derived from rat adrenal
and the transformed cells were cultured overnight in a medium (F12 medium containing 0.5% dialyzed horse serum
and 0.25% dialyzed bovine fetal serum). The next day, a dimethyl sulfoxide solution containing a test compound at
0.01 - 100 mM was diluted 100-fold with the medium and added to the test compound group at 10 ul per well. A medium
containing 50 mM calcium chloride was added to the control group at 10 pul per well, such that the final calcium con-
centration of the medium became 5 mM. A medium alone was added to the blank group. After culture for 4 hr, luciferase
substrate (PicaGene LT-2.0, TOYO INK) was added and the luciferase activity was measured with a photoluminometer.
The inhibitory rate (%) was calculated from the obtained measured values according to the following formula.

measured value of compound group - measured value of blank group %100

ibi 0 = -
Inhibitory rate (%) =100 measured value of control group - measured value of blank group

[0242] Based on the results, the concentration (IC5,) showing 50% inhibitory rate was determined.
[0243] For reference, a compound of the above-mentioned formula [1-3] wherein R, R12 and R2' are hydrogen
atoms and R7! and R72 in combination show -CH=CH-CH=CH-

@/\ O/Y\M;

(Comparative Example 1) was also subjected to the testing. The results are shown in Table 24 and Table 25.
Experimental Example 2
PTH secretion promoting action

[0244] The test compound was orally administered to 6 to 9-week-old male SD rats (Charles River Japan, Inc.) fasted
for 20 hr, using a solvent (5% ethanol, 0.5% aqueous methyl cellulose solution) at a dose of 30 mg/5 ml/kg and 100
mg/5 ml/kg. A solvent alone was orally administered to the control group at a dose of 5 mi/kg. The blood was drawn
from the tail vein immediately before and 0.5, 1, 2, 4, 6 hr after the administration of the test compound, and sera were
obtained. The serum PTH concentration was measured using rat PTH (1-84) ELISA kit (Nohon Medi-Physics). The
results of the serum PTH concentration before and 30 min and 4 hr after the administration of the test compound are
shown in Table 24, and the results of the serum PTH concentration before and 30 min and 2 hr after the administration
of the test compound of the 30 mg/5 ml/kg administration group are shown in Table 25.

[0245] In Fig. 1, Fig. 2 and Fig. 3, the time-course changes of the serum PTH concentration at the dose (30 mg/kg)
of Example 22, Example 23 and Example 24 are shown. For reference, moreover, Fig. 4 shows the time-course changes
of the serum PTH concentration at the dose of Comparative Example 1 (100 mg/kg), and Fig. 5 shows the time-course
changes of the serum PTH concentration at the dose of NPS-2143 of 30 mg/kg.

Table 24

test compound ICgg (UM) serum PTH concentration (pg/ml)

Before administration | 30 min later later | 240 min later

30 mg/kg administration group (upper line)

100 mg/kg administration group (lower line)
Example 1 0.041 56.9+9.4 141.5£15.3 54 1£7.7
55.8+3.9 160.0£13.8 58.31£7.3
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Table 24 (continued)

test compound ICsg (UM) serum PTH concentration (pg/ml)
Before administration | 30 min later later | 240 min later
30 mg/kg administration group (upper line)
100 mg/kg administration group (lower line)
Example 2 0.027 52.0+3.4 148.4£10.1 60.0£5.8
68.9+7.6 154.8+17.1 85.8+17.3
Example 5 0.070 78.9+11.8 155.6+14.9 84.8+12.3
Example 22 0.059 62.2+5.2 185.7£10.0 73.4x11.0
Example 23 0.027 85.3£3.6 228.3£15.0 73.916.9
Example 24 0.022 66.5+4.3 197.7+18.9 77.5£9.0
Example 62 0.045 99.3+43.6 259.2+29.4 82.2+9.9
Comparative Example 1 0.56 - - -
107.1£17.5 139.0+18.8 78.9£12.3
(- means unmeasured, meantS.E.)
Table 25
test compound | ICg, (M) serum PTH concentration (pg/ml)
Before administration | 30 min later | 120 min later
Example 80 0.064 44.8+6.3 156.6+15.3 76.1£12.6
Example 82 0.051 66.71£5.0 121.949.0 68.5+11.4
Example 95 0.029 105.8+44.2 199.1£25.8 80.4+9.6
Example 100 0.067 52.2+4 .4 130.1£53.7 49.314.4
Example 105 0.049 38.3£8.6 115.4+20.0 74.3+12.1
Example 111 0.024 51.2£12.8 236.3+60.8 65.3£6.4
Example 127 0.133 65.0+6.9 265.3+22.3 75.2+7.3
(- means unmeasured, meantS.E.)

Experimental Example 3
PTH secretion promoting action

[0246] The test compound was orally administered to 4 to 6-week-old female Fisher rats (Charles River Japan, Inc.)
fasted for 20 hr, using a solvent (5% ethanol, 0.5% aqueous methyl cellulose solution) at a dose of'30 mg/5 ml/kg. A
solvent alone was orally administered to the control group at a dose of 5 ml/kg. The blood was drawn from the tail vein
immediately before and 0.5, 1, 2, 4 hr after the administration of the test compound, and sera were obtained. The
serum PTH concentration was measured using rat PTH (1-84) ELISA kit (Nohon Medi-Physics). The results of the
serum PTH concentration before and 30 min and 4 hr after the administration of the test compound are shown in Table
26.
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Table 26

test compound | serum PTH concentration (pg/ml)

Before administration | 30 min later 240 min later
Example 58 179.2+45.6 644.4+65.2 | 394.1+100.9
Example 59 189.8+90.9 313.4+£103.3 62.2£10.3
Example 62 82.9+24.5 620.6+34.2 100.1£11.7

(meantS.E.)

[0247] When osteoporosis is to be treated by increasing the blood PTH concentration by inhibition of the action of
calcium receptor, the compound to be used for this end should have at least the following properties.

(i) The compound has a sufficient antagonistic action on calcium receptors. In other words, the compound has a
sufficiently low IC5 value. In the specification of W099/51241, it is described, "In general, a compound showing
a low ICg value in the assay of calcium receptor inhibitor is a more superior compound. A compound showing an
IC5q value of not lower than 50 uM is considered to be inactive. A preferable compound shows an ICg value of
not more than 10 uM, more preferably 1 uM, and most preferably not more than 0.1 uM."

(ii) Administration of the compound results in a sufficient increase in the blood PTH concentration.

(iii) The time-course concentrations in blood after administration of the compound are not sustainable. Desirably,
the PTH concentration before administration is restored at 3, 4 hr after administration of the compound.

[0248] From the above-mentioned test results, the compound of the present invention clearly shows the above-
mentioned characteristics.

[0249] As regards (i); As shown in Table 24 and Table 25, the ICg, value of the compound of the present invention
is not more than 1 uM, and the compound has a sufficient antagonistic action on calcium receptors. The compound of
the present invention is considered to be preferable in view of the 1C5, value.

[0250] As regards (ii); As shown in Table 24 - Table 26 and Figs. 1-3, at 30 min later, the 30 mg/kg administration
group showed a 2.0 - 3.0 times higher blood PTH concentration than that before administration, and the 100 mg/kg
administration group showed a 2.2 - 3.6 times higher blood PTH concentration than that before administration, and
the compound of the present invention has been confirmed to have a superior PTH secretion promoting action. In
contrast, as shown in Table 24 and Fig. 4, at 30 min after administration, the compound of Comparative Example 1
only showed a 1.3 times higher blood PTH concentration even at the dose of 100 mg/kg. The compound was not found
to have a superior PTH secretion promoting action, and cannot be expected to be a pharmaceutical product.

[0251] Asregards (iii); As shown in Table 24 - Table 26 and Figs. 1-3, PTH secretion by the compound of the present
invention reached a peak at 30 min after administration, sharply decreased thereafter and returned to the blood PTH
concentration before administration in about 2 - 4 hr. It is clear that the compound of the present invention is superior
from this aspect. in contrast, as a result of the reproductive test of NPS-2143 of the reference, the sustained secretion
promoting action of NPS-2143 was confirmed (from Fig. 5).

Industrial Applicability

[0252] Asis clear from the above-mentioned Experimental Example 1, the compound of the formula [I] of the present
invention has a superior calcium receptor antagonistic action. Accordingly, the compound is expected to be useful as
a therapeutic drug of diseases accompanied by abnormal calcium homeostasis, such as osteoporosis, hypoparathy-
reosis, osteosarcoma, periodontal disease, bone fracture, steoarthrosis, chronic rheumatoid arthritis, Paget's disease,
humoral hypercalcemia, autosomal dominant hypocalcemia and the like. As is clear from Experimental Examples 2
and 3, the compound of the present invention has a temporary PTH secretion promoting action. Accordingly, the com-
pound is particularly useful as a therapeutic agent for osteoporosis.

[0253] This application is based on patent application Nos. 244536/2000 and 132879/2001 filed in Japan, the con-
tents of which are hereby incorporated by reference.

Claims

1. A compound of the formula [I]
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R1

R2

R3

R4

RS and R®

R7

X1

X2

X3

X4 and X5
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2 .
. R R R ‘ , ‘
1 P4 4 ;
X X X s-R
R‘/ko/xX R S S 0 9
. H '

‘ rR® R

is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substi-
tuted by 1 to 3 substituents selected from halogen atom, C,_g alkyl group, halo(C4_g)alky!l group,
hydroxy(C4_g)alkyl group, C4_g alkoxy(C4_g)alkyl group, hydroxyl group, C,_g alkoxy group, halo(C_g)
alkoxy group, mercapto group, C4_g alkylthio group, C4_g alkylsulfanyl group, C,_g alkylsulfonyl group,
aminosulfonyl group, C,_g alkylsulfamoyl group, di(C,_g)alkylsulfamoyl group, carboxy group, (C4_¢
alkoxy)carbonyl group, C,_; acyl group, carbamoyl group, (C,_g alkyl)carbamoyl group, di(C4_g alkyl)
carbamoyl group, cyano group, nitro group, amino group, C4_g alkylamino group, di(C,_g)alkylamino
group, C4_7 acylamino group, C4_3 alkylenedioxy group,

‘SO;—N—
R ’ R RB
and

wherein RA is (C,_g alkoxy)carbonyl group or carboxy group, and RB is hydrogen atom or C,_g alkyl
group;

is C4_g alkyl group

wherein said C4_g alkyl group is optionally substituted by 1 to 3 substituents selected from halogen
atom, hydroxyl group, C,_g alkoxy group, carboxy group, amino group, C,_g alkylamino group, di
(C4.g)alkylamino group and oxo group, Cs_; cycloalkyl group, C,_g alkenyl group, C,_g alkynyl group,
aralkyl group, carboxy group, (C_g alkoxy)carbonyl group or cyano group;

is hydrogen atom, C4_g alkyl group, hydroxyl group, C4_g alkoxy group, mercapto group, C,_g alkylthio
group, carboxy group, (C4_g alkoxy)carbonyl group, (C4_g alkyl)carbamoyl group, di(C4_ alkyl)car-
bamoyl group, amino group, C,_g alkylamino group or di(C,_g)alkylamino group;

is hydrogen atom, C4_g alkyl group or C,_g alkenyl group, or R3 and R4 in combination show oxo group;
are the same or different and each is C,_g alkyl group, or R? and R8 in combination show cyclopropy!
group together with the carbon atom they bind to;

is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substi-
tuted by 1 to 3 substituents selected from halogen atom, C,_g alkyl group, halo(C4_g)alkyl group,
hydroxy(C4.g)alkyl group, C5_7 cycloalkyl group, hydroxyl group, C,_g alkoxy group, halo(C,_g)alkoxy
group, carboxy group, (C_g alkoxy)carbonyl group, nitro group, cyano group, C4_g alkylsulfonyloxy
group, carbamoyl group and C,_3 alkylenedioxy group;

is a single bond, C,_g alkylene group or C,_g alkynylene group wherein said C,_g alkylene group and
C,_¢ alkynylene group are optionally substituted by C,_g alkyl group or oxo group;

is C_g alkylene group wherein said C,_g alkylene group is optionally substituted by C,_g alkyl group
or halo(C,_g)alkyl group;

is a single bond or C4_g alkylene group wherein said C,_g alkylene group is optionally substituted by
hydroxyl group or oxo group;

in combination show a single bond, methylene group,

-NH-, oxygen atom, sulfur atom, -C(=0)-, -CH,NH-, -CH,0-, -CH,S-, -CH,CO-, -NHCH,-, -OCH,-, -SCH,-,
-COCHy-, -CH=CH- or -C=C-,
a salt thereof, a solvate thereof or a prodrug thereof.

A compound of the formula [I']

94



10

15

20

25

30

35

40

50

55

EP 1 308 436 A1

2
. X1 X X x! R
R 0T T T [1']
3 . H

R

wherein

R

R”

R2,

is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substituted by
1 to 3 substituents selected from halogen atom, C,_g alkyl group, halo(C,_g)alkyl group, hydroxy(C4_g)alkyl
group, C4_g alkoxy(C,_g)alkyl group, hydroxyl group, C4_g alkoxy group, halo(C,_g)alkoxy group, mercapto
group, C_ alkylthio group, C4_g alkylsulfanyl group, C,_g alkylsulfonyl group, aminosulfonyl group, C4¢
alkylsulfamoyl group, di(C4_g)alkylsulfamoyl group, carboxy group, (C_g alkoxy)carbonyl group, C,_; acyl
group, carbamoyl! group, (C4_g alkyl)carbamoy! group, di(C4_g alkyl)carbamoyl group, cyano group, nitro
group, amino group, C4_g alkylamino group, di(C,_g)alkylamino group and C4_; acylamino group;

is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substituted by
1 to 3 substituents selected from halogen atom, C,_g alkyl group, halo(C4_g)alkyl group, C5_g cycloalkyl
group, hydroxyl group, C4_g alkoxy group, halo(C4_g)alkoxy group, carboxy group, (C,_g alkoxy)carbonyl
group, nitro group, cyano group and C,_g alkylsulfonyloxy group; and

R3, R4, R5, R6, X1, X2, X3, X4 and X® are same as defined in

claim 1 respectively,
a salt thereof, a solvate thereof or a prodrug thereof.

A compound of the formula [I"]

R R5 R6 : )
1 2 4 R7" ‘
1'-)\ ~X X >< TSN T
R 0 N X X [1'*])
Koo

R R

wherein
R1" is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substituted by 1
to 3 substituents selected from C,_5 alkylenedioxy group,

. » ) SO;‘IIJ—
R"«E:( | RL@ e
. and : ,

wherein RA is (C4_g alkoxy)carbonyl group or carboxy group and RB is hydrogen atom or C,_g alkyl group;

R is aryl group or heteroaryl group wherein said aryl group and heteroaryl group are optionally substituted by 1
to 3 substituents selected from hydroxy(C4_g)alkyl group, carbamoyl group and C,_3 alkylenedioxy group; and
R2, R3, R4, R5, R6, X1, X2, X4 and X5 are same as defined in claim 1 respectively,

a salt thereof, a solvate thereof or a prodrug thereof.

A compound of the formula [I-2]
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21 c X .
11 K . i Rs‘ Rs : 7 :
R 2 >< ¢ e |
e ~N 3 R
0 X N X X [(I-2]
3 4 H :
R R
R12 ‘ ]

wherein R and R'2 are the same or different and each is hydrogen atom, halogen atom, C_4 alkyl group, hydroxy
(C4.6)alkyl group, C4_g alkoxy(C4_g)alkyl group, hydroxyl group, C4_4 alkoxy group, cyano group or nitro group, or
R and R'2in combination show C,_5 alkylenedioxy group,
R21is C4_4 alkyl group

wherein said alkyl group is optionally substituted by
C,_4 alkoxy group,
Cs_5 cycloalkyl group, C,_4 alkenyl group, or aralkyl group, and R3, R4, R®, R, R7, X1, X2, X3, X4 and X5 are same
as defined in
claim 1 respectively,
a salt thereof, a solvate thereof or a prodrug thereof.

The compound of claim 4, which is represented by the formula [I-3]

RIZ

wherein R71 and R72 are the same or different and each is hydrogen atom, C,_4 alkyl group or C,_, alkoxy group,
or in combination show -CH=CH-CH=CH- or C,_3 alkylenedioxy group, and R'!, R2 and R2" are same as defined
in claim 4 respectively, a salt thereof, a solvate thereof or a prodrug thereof.

The compound of claim 5, wherein R'! and R12 are the same or different and each is hydrogen atom, chlorine
atom, methyl group, hydroxymethyl group, hydroxyl group, methoxy group, cyano group or nitro group, or R'! and
R12in combination show methylenedioxy group, and R2" is optionally branched C,_4 alkyl group or C5 5 cycloalkyl

group,
a salt thereof, a solvate thereof or a prodrug thereof.

The compound of claim 6, wherein R21 is methyl group, ethyl group, cyclopropyl group or cyclobutyl group,
a salt thereof, a solvate thereof or a prodrug thereof.

The compound of claim 7, wherein R is hydrogen atom, R12 is methyl group, methoxy group or hydroxymethyl
group, or R and R'2 in combination show methylenedioxy group, and R2 is methyl group or cyclopropyl group,

a salt thereof, a solvate thereof or a prodrug thereof.

The compound of claim 8, wherein R21 is cyclopropyl group,
a salt thereof, a.solvate thereof or a prodrug thereof.

The compound of claim 9, wherein R7! and R72 in combination show -CH=CH-CH-CH-,
a salt thereof, a solvate thereof or a prodrug thereof.

The compound of claim 9, wherein R71 and R72 are groups selected from C,_, alkyl group and C,_, alkoxy group,
a salt thereof, a solvate thereof or a prodrug thereof.
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14.

15.

16.

17.

18.

19.

EP 1 308 436 A1
The compound of claim 1, which is selected from

(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methoxyphenyl)methoxy]propan-
2-ol,

(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-methylphenyl)methoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(phenyl)methoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methylphenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-methoxyphenyl)propoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(2-cyanophenyl)ethoxy]propan-2-ol,
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(3-methoxyphenyl)ethoxy]propan-2-ol and
(2R)-1-[1,1-dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[1-(3-methylphenyl)ethoxy]propan-2-ol,

a salt thereof, a solvate thereof or a prodrug thereof.

(2R)-1-[1,1-Dimethyl-2-(naphthalen-2-yl)ethylamino]-3-[(cyclopropyl)(2-hydroxymethylphenyl)methoxy]propan-
2-ol, a salt thereof, a solvate thereof or a prodrug thereof.

A pharmaceutical composition comprising the compound of any of claims 1 to 13, a salt thereof, a solvate thereof
or a prodrug thereof as an active ingredient.

A calcium receptor antagonist comprising the compound of any of claims 1 to 13, a salt thereof, a solvate thereof
or a prodrug thereof as an active ingredient.

A therapeutic agent for osteoporosis comprising the compound of any of claims 1 to 13, a salt thereof, a solvate
thereof or a prodrug thereof as an active ingredient.

A compound of the formula [II]

OR
- [I1]
1

wherein R'"" is halogen atom, C4_4 alkyl group, hydroxy(C4_g)alkyl group, C4_5 alkoxy(C4_g)alkyl group, hydroxyl
group, C4_4 alkoxy group, tert-butyldimethylsilyloxymethyl group, cyano group or nitro group,
a salt thereof or a solvate thereof.

The compound of claim 17, wherein, in the formula [Il], R'"" is C4_4 alkyl group, hydroxy(C4_g)alkyl group or C4_4
alkoxy group,

a salt thereof or a solvate thereof.

A compound of the formula [l11]

[TII)]
1100
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wherein R"1" is halogen atom, hydroxy(C,_g)alkyl group, C4_g alkoxy(C_g)alkyl group, hydroxyl group, C4_, alkoxy
group, tert-butyldimethylsilyloxymethyl group, cyano group or nitro group,
a salt thereof or a solvate thereof.

20. The compound of claim 19, wherein, in the formula [Ill], R"" is C4_4 alkoxy group,
a salt thereof or a solvate thereof.

21. A compound of the formula [IV]

Me Me
[IV]

RS

wherein R8 is carboxy group, nitro group, tert-butoxycarbonylamino group or benzyloxycarbonylamino group,
a salt thereof or a solvate thereof.
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